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II 1 Perovskite-type oxides 



Figures p. 217 ff. 



II Data 
Oxides 



I 1 Perovskite-type oxides 
1A Simple perovskite-type oxides 

Nr. 1A-1 NaNb0 3 , Sodium niobate 



electric. 



phase 



state 



crystal 
system 



space group 



monoclinic 



IV 



orthorhombic 



Pbma»)-P& 



III 4 



pseudo- 
tetragonal 



II 



tetragonal 



cubic 



Pm3m-Q& 



-200 



354 



562 



640 



K Z is the lattice *^«*"X^$gT* 'unit cell is taken as the c 
In phase IV # mb ^fi ^xes fs adopted here. In Well and Megaw's 
axis (see Fig. 1). This ^^.^JVhe orthorhombic structure is also repre- 

^b^a^^^ 

-^-j— ^jl^Iln^ i^e^fN^ Nb,Q 5 . and NaF. 



Crystal structure; In phase IV, Z — 8. 
Tab. 1; Fig. 1, 2 



c = 7.812 A 2 a 0 ), ^ - 91 °09'. _____ 
Fig. 4. 



Dielectric constants: Fig 5 6>„t_tv. where C = 2 - • 4 • 10* °K and 

Curie-Weiss law: x = Cj(T - fc> p ), J > ^iii-iv» 
0 = 60---80 °C. 



Birefringence : Fig. 7, 8. 



Domain structure: See 
Dynamic properties: Fig. 9, 10. 



)61W2 
58R3 

51V 3 
61W2 



51W1 



57J1 



55C2, 64pU 
62M9, 62W3\ 



Tab. 1. NaNb0 3 . Fractional cc^rd^ 
in unit cell at RT. [61 W 2} 



Na(l) 

Na(2) 

Nb 

O(l) 

0(2) 

0(3) 

0(4) 



X 


y 


i 


0.250 


0.769 


0.251 


0.261 


0.257 


i 


0.208 


0.271 


0.290 


0.010 


0.532 


0.446 


0.972 



^Wa^"to Ismailzade phase III consists of 4 P^^^^S^atutes measured with 
i* Transitions exhibit large temperature hysteresis, and the transition lemper 



m decreasing temperature are given here. 
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II 1 Perovskite-type oxides 



Figures p. 219 ff. 



Nr. 1A-2 KNbO s , Potassium niobate 



Ferroelectricity in KNbO s was first discovered by Matthias in 1949. 



phase 



state 



crystal system 



space group 



6> 



IV 



rhombohedral 



III 



orthorhombic 



Bmm2 ft )-C ! l ; 



II 



tetragonal 



cubic 



Pm3m-Oi 



-10 



225 



435 



-P. 



001] in phase II (along [001] of phase I), 
= 001] in phase III (along [110] of phase I), 
111] in phase IV (along [111] of phase I). 
rLeit w = 1050 °C 
e = 4.590 * KPkgm- 3 

a = 5 6 97 A, b = 3.971 A, c = 5.720 A at RT. 
Transparent. Light yellow. 



Flux method (K 2 CO, flux). 
Phase diagram of K 2 C0 3 -Nb 2 0 6 system; see 
Pulling method from the 'K,C0 3 -Nb 2 0 5 mixture 
Crystal form: square plate 



Crystal structure: Z = 1 in phase I, II, IV. Z = 2 in phase III. Tab. 4, 5; Fig. 11. 



49M4 



*)63K2 



55R3, 58M3 

52L1 

67K4 



51W1 
55R3 
58M3 



Temperature dependence of lattice parameters: Tab. 6; Fig. 12. 



Dielectric constant: Fig. 13, 14. 

x = CUT - 6U, T > , where C = 2.42 • 10 s °K, O p = 360 °C. 

Nonlinear dielectric properties: { - -1.62 - 10* J C"* m 5 , f = 1.79 * 10 1 * J C^ m*. 
Spontaneous polarization and coercive field: Fig. 15. 
P 8 s= 26 - 10~ 2 C m~ 2 at T ~ 



56T3 
56T3 

56T3 



Transition heat, transition entropy : Tab. 7. 
Piezoelectricity: Fig. 16. 



56T3 



20. 



NQR: Tab. 8; Fig. 17 

Tab. 4. KNbO s . Atomic positions in fractional coordinates at RT in phase III. [67K4] 



Nb 


0, 0, 0 


K 


0, h i + Z K 


O(l) 


0, I z x 


0(2) 


i+* 2 , 0,i + z 2 


Z K 


+0.017 




+0.021 


H 


+0.035 


*2 


+0.004 



Tab. 5. KNbO s . Interatomic distances and bond angles at RT. [67K4] 



distance 

A 



Nb-O(l) 
Nb-0(2) 
Nb-0(2) 

K-O(l) 
K-O(l) 
K-O(l) 
K-0(2) 
K-0(2) 

0(l)-0(2) 
0(l)-0(2) 
0(2)-0(2) 
0(2)-0(2) 
0(2)-0(2) 



(2) 
(2) 
(2) 

(1) 
(2) 
(1) 
(4) 
(4) 

(4) 
(4) 
(1) 
(1) 
(2) 



1.991 ± 0.001 
1.863 ± 0.007 
2.180 ± 0.009 

2.837 ± 0.014 
2.848 ± 0.001 

2.883 ± 0.014 
2.792 ± 0.008 
2.873 ± 0.010 

2.780 ± 0.012 

2.884 ± 0.012 
2.802 ± 0.024 
2.894 ± 0.024 
2.860 ± 0.001 



0(2)(s)-Nb-0(2)(s) 
O(2)(/)-Nb-O(2)(0 
0(2)(s)-Nb-0(2)(i) 

0(l)-Nb-0(2)(s) 
0(l)-Nb-0(2)(/) 

Nb-0(1)-Nb 
Nb-0(2)-Nb 



angle 



(1) 
(1) 

(2) 

(4) 
(4) 

(1) 
(2) 



97.4 ± 

83.4 ± 
89.7 ± 

92.3 ± 

87.5 ± 



1.2 
1.0 
0.5 

0.6 
0.6 



172.8 ± 0.7 
168.6 ± 0.6 



Numbers in this column indicate numbers of equal bonds or angles per formula unit. 

For the O-Nb-0 angles, the letter 5 or * indicates whether the Nb-O (2) bond involved is short or long. 
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II 1 Oxide des Perowskit-Typs 



. Tab. 6. KNbO LaH-- 

of pseudote^gonal ceil ° paramet ^ 



220 

230 

270 

320 

375 

410 

425 

450 

510 



4.0375 
4.0374 
4.0363 
4.0369 


3.9711 
3.9797 
3.9830 
3.9839 


1.0167 

1 rt1/IC 

1.0134 
1.0133 


90° 15' 
90° 15* 
90° 13' 
90° 14* 


a =b 
3.9972 
3.9978 
3.9992 
4.0023 
4.0048 
4.0080 
4.0214 


c 

4.0636 
4.0640 
4.0647 
4.0639 
4.0620 
4.0567 


c/a 

1.0166 
1.0166 
1.0164 
1-0154 
1.0143 
1.0122 


4.0225 








4.0252 









64.92 

64.95 

65.01 

65.10 

65.15 

65.18 

65.03 

65.09 

65.22 



cal mol- 



Tab. 8. KNbO ivrr>» 

r ____J?j]j^ ' ~ ± 0.002 

Crystal 
structure 

orthorhombic 
(20 °C) 



e*qQ/k 
MHz 

23.120 ± 0.05 



rhombohedral 
(-196 °C) 



/ 


Meas- 


MHz 


ured 
ratio 


3.648 




3.030 


1.204 


2.527 


1.198 


2.085 


1.214 


2.674 




2.004 


1.335 


1.335 


1.503 



Calculated 


Identifi- 


ratio 


IV = 0.806) 


cation 


1.204 


(9/2. 7/2)" 


1.196 


(3/2. 1/2) 


1.213 


(7/2. 5/2) 




(5/2, 3/2) 


(n = o.o) 




1.333 


(9/2. 7/2) 


1.500 


(7/2. 5/2) 




(5/2. 3/2) 



16.0 ± o.l 



NaTaO g> Sodium ta ntalate 

_____Phase^^ IV ere observed by Smolenskii et al 



orthorhombic 
~Pc2^C|7~ 




480 

i^orthorhombic unit Veil ^nT+i? P seudoi *onoclinic in phase TV w , 
^^slaT^u^^ between 
^^i£^°££ijab^ 



49M1 
JZSi 



57K1 
57K1 
6214 
51V2 
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temperature dependence nf i^Z " 
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II 1 Perovskite-type oxides 



Figures p. 221 fT. 



iol- 



49M1 
57S3 



Tab 9 NaTaO, Fractional coordinates of atoms in the unit cell. 
' 3 ' [57K1] 



Na 



Ta* 



O(l) 



0(2) 



0(3) 



Tab. 10. NaTaO, 



x: 


0 - 0.01 


0 + 0.01 


y- 


i + 0.03 


J + 0.03 


z: 


0 + 0.02 


U — u.uz 


x: 


i 


i 


y- 


0 




z: 


0 


U 


x: 


0 - 0.02 


0 -h 0.02 


y- 


f + 0.01 


i + 0.01 


z: 


i + 0.02 


i - 0.02 


x: 


i + 0.04 


J - 0.04 


y* 


0 - 0.03 


0 - 0.03 


z: 


J + 0.04 


f + 0.04 


x: 


i + 0.04 


J - 0.04 


y- 


i + 0.06 


1 + 0.06 


z: 


i + 0.04 


| -f 0.04 



t - 0.01 
i + 0.03 
* - 0.02 

0 
t 

£ + 0.02 
| + 0.01 

0 + 0.02 

1 - 0.04 
k - 0.03 
£ - 0.04 

f - 0.04 
0 + 0.06 
| - 0.04 



i + 0.01 
{ + 0.03 
i + 0.02 

0 
0 

£ 

i - 0.02 
J + 0.01 

0 - 0.02 

} + 0.04 
J - 0.03 

1 - 0 04 

£ + 0.04 
0 + 0.06 
J - 0.04 



Temperature dependence of the pseudo-cell 
For the notations, see Fig. 21 



parameters. \6214\ 









T [°C] | 


23 


100 


200 


300 


400 1 


450 


480 


500 


550 


580 


600 


a*=c'[A] 


3.889 5 


3.893 6 


3.899 6 


3.907 


3.912« 


3.916 


3.918 


3.920 


3.923 


3.925 2 


3.927 


b* [A] 


3.885 5 


3.890 s 


3.896 5 


3.903 8 


3.910 2 


3.913 6 


3.915 8 


3.918 


3.923 


~3.925 8 


~3.927 


0-90° 


22* 00" 


16'00" 


9' 00" 


6'00" 


4' 00" 


3' 30" 


2' 00" 


~2*00" 


1'30 M 


0*00" 


0'00" 


a'/V 


1.0010 


1.0009 


1.0009 


1.0008 


1.0006 


1.0006 


1.0005 


1.0005 


1.000 


1.000 


1.000 


V[k*\ 


58.8 0 


59.0 0 


59.2s 


59. 5 5 


59.8 5 


60.0 0 


60.1 0 


60.2 0 


60.3 5 


60.4s 


60. 5 5 










T [°C] 


630 


660 


680 
















b 


[A] 


3.929 


3.931 


3.932s 
















V [A"] 


60.6 5 


60.7 5 


60.8 o 











Nr. 1A-4 KTaO s , Potassium tantalate 



la 



2a 



Ferroelectric activity was first reported by Matthias in 1949 however, recent 
studfi I b^WEMPLE have proved tVat the /erroelectric transition does not occur, at 
least above 1.6 °K.*>) 

KTaO s is cubic and its space group is Pm3m-Oi. 

^meit = (1357 ± 3) °C. 
q = 6.97 • 10> kg m~ 3 . 

TrTnJp 9 areL A c a o\o^lL or pale blue (blue in oxygen-deficient crystals). 
Cleavage: along (100) planes. 
Hardness: nearly the same as quartz. 



)49MU49M4 

*)64W2, 65Wi 

64W2, 65W2 { 
51V 2 
55R2, 56R2 
58 R1 
51V 2 
64W2 



Flux method: KF flux/) dark small crystals; K s CO, flux,*) large ( «10 mm) trans- 
SSiSSS^wpoute method: large ( -10 mm) good quality crystals. 

Floating technique: planar single crystals. 
Phase diagram of system K,CO s -Ta 2 0 5 ^ F ig- 24. 

HydrotheFmal phase diagram K t O-Ta a O s - H « Q at 400 C. . 



Z — \ 

Crystal structure: cubic perovskite type, (Pm3m-0£). 
K at la position; Ta at lb position; 30 at 3c position. 



)62T5, 64W2 
*)66U1 
64W2, 65W2 t 
67B7 
66W8 

67 M 2 



51VU 51V2 



All positions ±0.002. 
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Figuten S. 221 ff. 




A50H3 , 
*)65W2,64W 2 \ 



25-' . -p'r , R r _ 5 7 • 10* °K. e p = 4 °K. 

x = 243 at RT. r 30 » K wh ere x„ = 48, O - 5. / 

x = * 0 + C/(T - ©p^ r> 3 ^ 2 ^6 kHz at RT. 
Loss tangent: ^ « ~£J°ghx range: Fig. 26. 

Dielectric constant in th £ H = 6 1Q4 ^ 35) 



65W2 
64W2 



The squa _ 



10 



« (I ; -fp) the lerroelec tric soft mode see lA-4^ ; ^ 

^^5^34 35. on the degree of oxygen reduction .in KTaO,. 

Ateorption coefficient « de^n^ 

Absorption coefficient near tne^ ^ ({of addltlona i data, see *ig. ^ 

Cr, see , tfxwk 2***77°K): 

Quadratic electroop tic constants ,(6328 = (0 .1^01^C^ KTa0 3 . 
i!?r/ef\ecTS 

Effect of polarization of light on th e ^ £ polarization : Fig. 43. 
i"ctroref^ectance as ^^^^£n«pS»^ ™^ ™ ^ 

Fundamental absorption edge (-3.0 , 
Far aday rotation near the band ed g e^46. Tab. 44. 

m^c^-^^J^J^ fom the Raman scattering, see F* 33). 

^SS^^^^L ■ — 

^^^^^^^V^o^ using oxygen-deficient 

f^jC^2 t s ngle crystals as a ^^T^'' ^ 
Resistivity of oxygen-deficient single^y^ ^ RT alsQ Xab . 13) . 



65H'2 
57B/ 



64W2 

64G3, 63G3 
67F4 



67BU66B2 
67F2 
65S9 



Sectrical conductivity ^ ^Te^sll Fig. 35. 
Conductivity in :^"^ 5 ^ V ^ at RT. (0> 
Seebeck coefficient Q - /* 



Oxygen-deficient KTaO, with 

V^-^VTo 23 m~ 3 )- a , +Ko Qppbeck coefficient: m* 
glflctive mass estimated l^^^^V - 3.58 eV. 
Photoconductivity vs. hv shows a y _ 



= (0.8 ± 0.28) tn 0 . 



65W2 



65W2 



65W2 
66S17 
66W5 

65W2 

65W2 
65W2 
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II 1 Perovskite-type oxides 



Figures p. 221 rT. 



12a 



13b 



17 



NMR of m Ta in KTa0 3 : spin-lattice relaxation time, T 1 ^lO -3 sec at RT; 
spin-spin relaxation time, 7\ = «10" 5 sec at RT; nuclear magnetic moment of 18l Ta 
(/ = 7/2): p D = (2.340 ± 0.001) ^ n (uncorrected); (p„ = (2.35 ± 0.01) /<„. after 
estimated corrections). 

Nuclear magnetic acoustic resonance : the absorption data were given forzf m = ±2 tran- 
sition of 181 Ta as a function of the angle between magnetic field and sound axis [100]. 

ESR of Eu 2+ and Gd 3 + in KTa0 3 : Tab. 14. 

ESR of Fe 3 *: g = 1.99 ± 0.01; |o| = (345 ± 10) • 10~ 2 m" 1 at 4.2 °K; 
a ^ (288 ± 5) • 10- 2 m- 1 at RT (Fe 3 + is on the Ta 5 + site), 
a = (30 ± 1) • 10- 2 m" 1 at RT (Fe 3 * is on the K»+ site). 
ESR Stark effect for Fe 3 *: E hiaB along [100] induces axial splitting term D 
(D = 12 • IO" 2 m- 1 at £ bias = 10 MV m" 1 at 4.2 °K; D oc £ bias ). 
ESR of Ni 3+ located on Ta 5+ site (low spin state) and on K l+ site: see 
ESR in Mn-doped, Co-doped and Cr-doped KTaQ 3 : see 



Phonon dispersion relation for the transverse optical branch: Fig. 52; Tab. 15. 
Temperature dependence of the ferroelectric soft mode: Fig. 53. 
The square of the phonon energy of the ferroelectric soft mode can be approximated 
by (hv)* = 10* A/x. 40 °K < T < 295 °K; where A - 2.825 (meV) 2 , x(T) is the 
dielectric constant. 

For the ferroelectric soft mode, see also lA-4-9a. 
Phonon energies of the acoustic modes: Fig. 54. 



Etchant : single crystal is slowly etched by dilute HF. 

Band structure and the related properties: see references; also lA-4-9a, 9b, 9d, 10, 
and Tab. 12. 

Band gap energies determined by various methods : 



Method 



Faraday rotation 

Electroreflectance singularities 

Absorption data 
Energy at which a « 10* m~ l 



296 °K 



3.77 eV 
3.62 eV 
3.57 eV 
3.80 eV 
3.75 eV 
3.79 eV 



77 °K 



3.79 eV 
3.65 eV 



Cyclotron resonance of semiconducting KTaO a at 70 GHz and 1.4 °K: microwave 
skin depth, about 30u.m; see reference paper for the microwave absorption vs. 
magnetic field curves. 



60B2 



67 M 4 

66U1 
64 W 2 
67H3 
67H3 

63W5, 64W2 

67H3, 65 H 2 
64W2 



67S11 
67S11 



64W2 
67F4, 67B1 



67 B1 



65S13 



Tab. 11. KTa0 3 . Transverse optical 
modes at various temperatures [67 P 4}. 
The wave number v tl (ferroelectric 
soft mode) is temperature dependent. 



Tab. 12. KTa0 3 . (Ca-doped). Singularities observed in elec- 
troreflectance spectra (in eV) [67F4]. See Figs. 40, 41 



T[°K] 



12 
126 
232 
295 
463 















• 102 m" 1 


25 


196 




58 


198 


551 


79 


198 


551 


88 


199 


550 


106 


199 











[eV] 




A* 


KTa0 3 (100) 
KTaO a (111) 
KTa0 3 (110) 


3.57 
3.55 


3.80 
3.77 
3.80 


4.40 
4.45 
4.47 


4.88 
4.90 
4.85 


5.50 
5.47 
5.50 



Tab 13. KTaO s (reduced). Hall coefficient R H and Hall mobility fx H at 
295 °K and 4.2 °K for single crystals [65W2]. Carrier concentrations N are 
calculated from the 4.2 °K Hall coefficient using R H = —1/Ne 







R 


H 




Sample 


^calc 


m 3 C" 1 


m 2 V- 


1 sec -1 


Nr. 


m" 3 


(295°K) 


(4.2°K) 


(295°K) 


(4.2°K) 


1 


3.5 ■ 10 23 


20.3 • 10-* 


18- 10- 6 


2.7 • IO" 3 


2.3 


2 


6.0 • 10 23 


12.9 • 10- 6 


10.4 • IO" 6 


2.9 • IO"" 3 


1.9 


3 


6.6 - 10 23 


11.5- 10-« 


9.4 • 10-* 


3.1 • IO" 3 


1.9 


4 


2.4 * 10 2 * 


3.0 • 10-« 


2.6 * IO" 6 


3.0 * 10" 8 


1.1 


5 


7.8 * 10 24 


1.0* io- 6 


0.80 • 10~ 6 


3.0 • IO" 3 


0.53 


6 


1.3 • 10 25 


0.62 • 10-« 


0.48 • IO" 6 


3.1 • IO" 3 


0.34 
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II 1 Oxide des Perowskit-Typs 



Figut en S. 227 ff- 

f soectrum of Eu*+ and Gd» + ions, 

Tab. H. KTaO s . Parameters of ESR spectrum^ 



doped in single crystals of 



Para- 
magnetic 
center 



Site 



GHz 



g-factor 



FS 



10" 



HFS 



Eu 2 + 



Gd 3+ 



7/2 



7/2 



(8) 



9.1 



77 



4.2 



77 



1.990 ± 0.002 



1.990 ± 0.002 



= (± )16 ± 2 
.-(±{1.2* 0.6 



1.990 ± 0.002 



b = _8.14±0.27 
J- - +0.47 ±0.3 



| m^l =36±1 

|153X| = 16±1 



, N , 1A-5 CaTiO,, Calcium titanate (Perovskite) 

Tab. 16. CaTiO,. Ion positions. [57K2] 



h = -7.0 ± 0.3 
t = +0-5 ± 0-5 



Tab 15 KTa0 3 . Phonon energies 
rfthe Sit ferroelectric mode (trar.- 
ve^e optical mode) 
ST^-^^oundaryis 
0 788 J?" 1 (= */«)• See F«. 52 



4 Ti in 4 (a) : 
4 Cain 4(c): 

4 Oin 4(c): 
SOin 8(d): 



TToToToTiTM, 0; 0, i, 1- 

with * = 0,z = 0.030. 

with x = t - 0 ° 37 ' * = -° ° 18 - 



Phonon energy [meV] * 

for q [A" 1 ] - 
0 I 0.1 I 0.2^ 



0.018. 



11.5 
10.0 



9.8 



la 



about IZoU u u 7 _ Aft 0 p 

becomes cubic above 1260 O. ^ 

pbas<?__ I ' 



state 



crystal system 



space group 



cubic 



*1260 °C 



Q = 4.10* 10 s kg m- 3 atRT 
Transparen^colorless. — 

! I « r 



54Gf 

46N1 

62M3 
62M3 
57K2 



* 7K2 
5BLUJ2ML 

57K2 



6a 
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Figuren S. 236 ft. 



II 1 Oxide des Perowskit-Typs 



9d 



10 



Nr 1A-6 SrTiO s continued 
Faraday rotation: Fig. 103. 



See also Tab. 44. 



Raman effect: Fig- 1M. 
Brillouin scattering. Fig- 
See 



Bruiouin ■ ^ — -7 

See TT5TH^M^d^y^ cr y sta,) at RT 

i^ctricITresistivity : Q > W »™ » 
FiRs 107 ••• 

For additional data see electron: see Fig. US- 

Hall mobihty for photo-exate 

Piezoresistivity: * l 6|; i 11 :. 1 , i 15 
Photoconductivity . F.gs. 114. Sch0 olev et al. in 1964 

Photoemission : . a sem iconduct.ve SrTiO, by bcno 

^^^^^^^^ 



6^' 



The conduction band "^JfSfort&e electron mass: 
Snsverse •^gB^ISS. (±30%)- 



3-772 
± 0.023 



-0.926 
±0.010 



Tab. 17. SrTi0 3l _Elastic^ 

Method 



composite- 
bar 
pulse 



8.233 
±0.040 



3.156 
±0.027 



1.027 
±0.027 



1.215 
±0.006 



pulse 



Tab. 18. SrTiO,. n vs. 



Aat2l°C. [57G1] 



4200 

4300 

4400 

4500 

4600 

4700 

4800 

4900 

5000 

5100 

5200 

5300 



2.6050 

2.5810 

2.5585 

2.5394 

2.5236 

2.5101 

2.4970 

2.4846 

2.4734 

2.4636 

2.4548 

2.4464 



5400 

5500 

5600 

5700 

5800 

5900 

6000 

6100 

6200 

6300 

6400 

6500 



2.4312 

2.4245 

2.4182 

2.4122 

2.4069 

2.4019 

2.3971 

2.3928 

2.3886 

2.3846 

2.3807 



6600 

6700 

6800 

6900 

7000 

7100 

7200 

7300 

7400 

7500 

7600 

7700 



2.3771 

2.3737 

2.3703 

2.3674 

2.3645 

2.3617 

2.3590 

2.3564 

2.3538 

2.3514 

2.3490 

2.3468 



Note 

o calculated 

from s 

s calculated 

from c 

s calculated 

from c 



Tab. 19. SrTiO s . nvs 



2.537 

2.472 

2.402 

2.363 

2.340 

2.326 

2.315 

2.306 

2.299 

2.287 

2.279 



Reference 



A [65B9] 



2.270 
2.264 
2.258 
2.2524 
2.2490 
I 2.2395 
2.2315 
2.2236 
2.2143 
2.2058 
2.1951 
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Tab. 20. SrTi0 3 . /7 66 vs. A at (27 ± 1) 



X 

A 



4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 
5100 
5200 
5300 
5400 
5500 
5600 
5700 
5800 
5900 



^66 
lO^I^N" 1 



-3.69 

-3.74 

-3.78 

-3.99 

-3.965 

-4.13 

-4.09 

-4.22 

-4.33 

-4.32 

-4.41 

-4.51 

-4.59 

-4.575 

-4.62 

-4.69 

-4.79 

-4.85 



X 

A 



6000 
6100 
6200 
6300 
6400 
6500 
6600 
6700 
6800 
6900 
7000 
7100 
7200 
7300 
7400 
7500 
7600 
7700 



1) 


°C. [57G1] 


Tab. 21. 


SrTi0 3 


n 2l ~n lx vs. X at (27±1)°C. [57G1] 






X 






X 


n 2X - n xl 


10 


- 13 m 2 N- 1 


A 




1U 


13 m 2 M-i 

111 iN 


A 


10- 13 m 2 N- 1 




-4.92 


4200 






9.03 


6000 


9.95 




-4.99 


4300 






9.23 


6100 


9.94 




-5.05 


4400 






9.03 


6200 


9.91 




-5.12 


4500 






9.26 


6300 


9.84 




-5.13 


4600 






9.12 


6400 


9.82 




-5.18 


4700 






9.12 


6500 


9.88 




-5.22 


4800 






9.14 


6600 


9.96 




-5.29 


4900 






9.16 


6700 


9.92 




-5.52 


5000 






9.35 


6800 


9 98 




-5.48 


5100 






9.44 


6900 


9.99 




c ccc 
— D.jjj 


DZUU 






9.61 


7000 


9.91 




— 5.62 


5300 






9.54 


7100 


9.92 




— 5.77 


5400 






9.68 


7200 


9.94 




-5.73 


5500 






9.56 


7300 


9.99 




-5.78 


5600 






9.85 


7400 


10.05 




-5.79 


5700 






9.85 


7500 


9.90 




-5.825 


5800 






9.86 


7600 


9.92 




-5.98 


5900 






9.88 


7700 


10.02 



Tab 22 SrTiO a (single crystal). Effects of electrode material on the apparent conductivity [65C6]. 
Measurements were made by the two terminal method at T = 130 °C, t — 24 hours after the applica- 
tion of the field E = 100 kV m" 1 



Electrode 
material 



a [O" 1 m" 1 ] 
after 24 h at 130 °C 



Form of a vs. t curve 



Au 
Ag 
Sn 
Cr 
Cd 
Al 



4-8- 
8-8- 

8- 8- 
6*0- 

9- 5- 
2-9 



io- 7 
io- 8 

10-* 

io- 11 
io- 11 

10 -io 



Fall then rise 
As for gold 

Fall followed by slow rise but without saturation 
Continuous fall tending toward steady value 
Similar to chromium 

Similar to chromium (for a field of 400 kVm" 1 
behavior is like that of gold) 



Tab. 23. SrTi0 3 (single crystal). The 300 °K and 2 °K Hall coefficient i? H and Hall mobility /i H values 
and the 300 °K electron concentrations for semiconductive single crystals. [67T6]. In the first column, 
(Nb) means Nb-doped samples, the other samples are reduced ones 



Sample 



IO" 6 m'C- 1 



300 °K 



10- 



WV^sec- 1 



2 °K 



10-« m 3 C" 1 



10- 1 m 2 V-isec- 



1 



eR H (300 °K) 



m" 



5 
2 
3 
6 
12 
9 

13(Nb) 
8(Nb) 
10(Nb) 
14(Nb) 
15(Nb) 
11 (Nb) 



0.26 
0.62 
1.8 
5.3 
14.0 
23.0 

0.22 
0.58 
3.4 
14.0 
22.0 
44.0 



6.5 
5.2 
7.2 
8.0 
8.0 
5.8 

5.5 
4.8 
6.2 
6.7 
5.4 
6.0 



0.25 
0.77 
3.9 
11.0 



0.22 
0.63 
3.3 
11.0 
18.0 
33.0 



1.0 
1,8 
2.7 
3.1 



3.3 
8.2 
12.0 
13.0 
19.0 
22.0 



2.4 - 10 25 
1.0 * 10 25 

3.5 • 10 24 
1.2* 10 24 
4.5 * 10 23 
2.7 * 10 23 



2.8 
1.1 
1.8 
4.5 
2.8 
1.4 



10 25 
10 25 
10 24 
10 23 
IO 23 
10 23 



.•Mi 



Tab. 24 see page 50 
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Figuren S. 236ff. 
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Figures p. 236 ff. 
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Figuren S. 243 



II 1 Oxide des Perowskit-Typs 



? 4 ' ( ceranii cs containing Ba or Ca in mnl o/ * c 

Ti-JTiO, and (Ca,S ri . JTiO, [6 7S*\ H /o); ^conductive properties of 

rve first deviates from* uLnl} ? H^O) She eSraool ^ -Ration 
* = Carrier concentration 0 s ^ cn ^ T ^ for r - <> °K. 

^-superconducting transition temperature 



% BaorCa 



2.5 (Ba) 
2.5 
5.0 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 

1 Nr. 1A-7 CdTiQ 3> Cadmium titanate 

la ' 



N 




10 25 ni" 3 


°K 


o n 

I 


0.18 


S ft 


U.JO 


6.4 


0.25 


1.7 


0.10 


12.0 


0.17 


23.0 


0.10 


6.0 


0.52 


0.3 


0.23 


6.7 


0.50 


7.0 


0.29 


0.05 


0.22 


34.0 


0.09 


0.5 


0.25 


2.3 


0.27 


15.0 


0.45 




kii s findings. electricity but Hegenbarth supported Smolens- 

Phase jj j 




tv , ~ x rig. 

Dielectric constant: * = 250 at RT. iT = CUT — & ) c — 4 T in. 
Effect of £ blM on *: Fig. 139. P> ' 4 ' 5 ' W 



'K. 



I Tab. 28. CdTiO,. 
[ fractional coordinates of 
atoms in the unit cell 
{57KT\ 



Cd 



Ti 



O(l) 



0(2) 



0(3) 



x: 

y- 

z: 
x: 

y- 

z: 
x: 

y- 

z: 



x: 

y- 

z: 



0 + 0.006 

i 

0 + 0.016 

1 + 0.005 
0 

0 - 0.065 

0 - 0.03 
i 

1 + 0.05 

i + 0.05 

0 - 0.03 

1 + 0.06 

i + 0.05 
I + 0.07 
i + 0.06 



Positions 
0 - 0.006 

0 - 0.016 
£ - 0.005 

0 4- 0.065 

0 + 0.03 
i 

1 - 0.05 

i - 0.05 

0 - 0.03 

1 + 0.06 

i - 0.05 
i + 0.07 
i + 0.06 



59H4 



*)50S7 
h )S7Kf 



50S7 
57K1 



57K1 



i + 0.006 


i - 0.006 


i 


* 


i - 0.016 


J + 0.016 


0 + 0.005 


0 - 0.005 


i 


0 


i + 0.065 


i - 0.065 


i + 0.03 


i - 0.03 


* 


i 


0 + 0.05 


0 - 0.05 


1 - 0.05 


i + 0.05 


i - 0.03 


£ - 0.03 


i - 0.06 


J - 0.06 


i - 0.05 


I + 0.05 


0 + 0.07 


0 + 0.07 


* - 0.06 


i - 0.06 



-^57, 50H2 

Estimated 
error 

±0.002 

±0.002 
±0.005 

±0.010 

±0.015 
±0.025 
±0.015 

±0.005 
±0.015 
±0.015 

±0.005 
±0.015 
±0.015 
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Figures p. 244 ff. 



50H2, 



\7 
r <1 



17, 50H2 

",stimated 
error 

±0.002 

±0.002 
±0.005 

±0.010 

±0.015 
±0.025 
±0.015 

±0.005 
±0.015 
±0.015 

±0.005 
±0.015 
±0.015 



Nr. 1A-8 BaTi0 3 , Barium titanate 

(Responsible authors for this section are as follows: Ikeda, Nakamura, Nomura, Sawaguchi, Shiozaki 

and Toyoda, abbreviated as INaNoSaShiTo), 



la 



2a 



5a 



:3s b 



phase 


IV*) 


III*) 


IP>) 


I b ) 




state 


Fa) 


Fa) 


F c) 






crystal 
system 


rhombo- 
hedral*) 


ortho- 
rhombic 11 ) 


tetragonal b ) 


cubic b ) 


hexagonal* 1 )* 


space 
group 


R3m-Q v ») 


Amm2-Ci 4 v tt ) 


P4mm-C 1T b ) 


PmSm-O^) 


C63/mmc-DJ h d ) 


9 


_90 a ) 5») 120 b )** 1460 d ) °C 



The anomalous dielectric properties of BaTiO a were discovered on ceramic specimens 
independently by Wainer and Solomon in 1942, by Ogawa in 1944 and by Wul in 
1945. The ferroelectric activity of BaTiO s was reported independently by von Hippel 
and co-workers in 1944 and by Wul in 1946. The structural change associated with 
the cubic-tetragonal phase transition was observed, by means of x-rays, by Meg aw 
in 1945, independently of the above dielectric studies. 



P 8 || [001] in phase II (along [100] of phase I). 
P 8 || [001] in phase III (along [110] of phase I). 
P 8 || [111] in phase IV (along [111] of phase I). 

The directions of P B are illustrated along with lattice distortions in Fig. 140. 
r melt = 1618 °C. 

Tetragonal form (phase II): q — 6.02 * 10 s kg m~ 3 (calculated from lattice constants) 
a = 3.9920 A, c = 4.0361 A at 20 °C. 
Transparent, light brown. 

Hexagonal form: a htl = 5.735 A, c bex = 14.05 A at RT. 
Q = (6.1 ± 0.1) • Wkgm- 3 . 



Crystal growth: Flux method (flux KF a ) or TiO r rich melt b )). 

Pulling method (top-seeded solution growth technique using excess Ti0 2 as the 
solvent). 

Melting method (with limited success). 
Tab. 29; Fig. 141. 

Crystal forms: For butterfly-type: Fig. 142. 
For chunky type: Fig. 143. 
For hexagonal form: Fig. 144. 



Crystal structure of phase I: Z = 1. Tab. 30. 
Crystal structure of phase II: Z — 1. Tab. 31. 

Crystal structure of phase III: Z = 2. Tab. 32; Fig. 145, 146; Tab. 33. 
Crystal structure of phase I V : Z = 1 . 

Crystal structure of hexagonal form: Z — 6. Tab. 34, 35; Fig. 147. 



Lattice constants of phase I, II, III, and IV: 

Phase I: a = 3.996 A at 120 °C. 

Phase II : a = 3.9920 A, c = 4.0361 A at 20 °C. 

Phase III : a = 3.990 A, b = 5.669 A, c = 5.682 A at —10 

Phase IV: a = 4.001 A, oc = 89° 51' at -168 °C. 

Thermal expansion: Fig. 148, 149; Tab. 36, 37; Fig. 150. 

Lattice distortion due to p: Fig. 151. 



Dielectric constant: Fig. 152, 153, 154, 192. 
Dielectric dispersion: Fig. 155 ••* 159. 

Further data from optical measurements: Fig. 201; Tab. 42. 
Effect of p on x: Fig. 160, 161, 162. 
Phase diagram in regard to p : Fig. 163, 164. 
Effect of £ biaa on & t : dGj/dE^ = 1.43 • 10" 5 °K V~* m; 
on x: Fig. 165. 

Non-linear dielectric properties: Fig. 166. 

f = -5.5 • 10 8 J C~< m 5 , C = 1.7 • 10 10 J C~ 6 m*. 



42W1, 4401, 

45W1 

44 V 2 

46W2 

45M1 



*)49K2, 49R1 
*)45M1 
C )46V1,46W1 
*)55R1 



51W2 
51R1 
48B3 



)54R1*)65S8 

63L3 
50V2 



47M3 
51R1 
57S2 
57J2 



53M2 



53M2 



; * The transition from the hexagonal form to the cubic one is very sluggish and the hexagonal form can be produced by rapid 
cooling from above 1460 °C. 

|* In most papers this Curie point has been reported to be about 120 °C, but it seems to be about 130 °C for pure BaTiO, 
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5c 



6a 



7a 
b 



Nr. 1A-8 BaTiO, continued 

Spontaneous polarization: Fig. 167 168 169 
Coercve field: Fig. 170, 171, 172 ' 
Effect of p on P 6 : Fig. 173. 

Electrocaloric effect: Fie 174 
Pyroelectricity: Fig. Ifs. 
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Specific heat: Fig. 176, 177 
Transition heat, transition entropy: Tab. 38. 




8a 
b 



9a 



Elastic compliances -7^^ 
Non-hnear elastic properties: Fig. 194. 



f 
g 
1 10 



Refractive indices: Fig. 195 196 197 
Birefringence: Fig. 198, 199' 
Reflection and absorption: " 
1 Far-mfrared region. Fig. 200, 201 ; Tab 42 

> v a Ki ed regl0n " Fi ^' 202 ' 203, 204 
1 Visible region. Fig. 205, 206, 207. - 
(iv) Ultraviolet region. Fig. 208; Tab 43* Fie 209 91 n 911 
For the effect of E hiaa on the absorption t edg^see ' ' 



(+ 0.13 ± 0.02)m*C-* at 



408 



12b 



Linear electrooptic effect: Fie. 212 21S 
Quadratic electrooptic effect: (M„ ~ M \ 
433 °K, measured at 6328 A. U Ia) 

Faraday rotation: Fig. 216; Tab. 44. 

mined with the Nd-doped CaWO, 'laser beam Rg. 217 ± = 14 ± ! - deter " 

Raman scattering: Fig. 218. 
Luminescence: Fig. 219, 220. 

given here. Fig. 221 • • • 225 Preparation . only representative data are 

For additional data, see ' 

Breakdown strength: Fie. 233 234 
For additional data, see 

Photoconductivity and photoemission : Fig. 235 236 



ESR: Tab. 46; Fig. 239 •••243. 
Mossbauer effect: Fig. 244 - •• 247. 



13b 



Diffuse X-ray scattering: Fig. 248, 249 250 
Inelastic neutron scattering: Fig. 251 



S9S1, 63M1, 
67G4 

5813, 59F1, 
64K3, 64U1 

67B2 



67B2 



67B2 
67B2 
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Figures p. 264 fT. 



14a 



15 



16 



17 



Domain structure: Domains have been observed by various methods: polarized 
Kg^X™£»). electron microscope*), etching method*), powder pattern method*), 
and decoration method'). 
Fig. 2S2---255. 



Domain wall motion: Domain wall motion has been observed optically •) and by 
S^diK^etcliiiig.*) The domain shapes in motion depend on the applied 
field and temperature. 6 ) Fig. 256. 



The wall velocity is proportional to ^exp (-*/£) at relatively low field 
tion field for domain wall motion. Fig. 257 -*• Itol. 



d = activa- 



^nrfare laver- The first suggestion about the existence of surface layers of BaTiO, 
cr^tals wL made by Kanzig*) on the basis of electron diffraction .studies ;o very 
S^Mr^esof BaTi0 3 >). The dependence of the following quantities on the thick- 
small P^ c ^/ " \ A ^^ ; en obs erved as evidence of the existence of surface layers : 
Toml ^M optical absorption coefficiente) ^and 

.wtrnhimmescence spectral. Pyroelectric current was observed above the Curie 
£SdK^^Stion with surface layers'). A few models of surface layers 
Kv?Sn^^ h ). According to Tanaka and Honjo*), the surface layer, if it 
exists, seems to be very thin. 



Radiation damage: Fig. 268, 269. 



Energy band structure: Fig. 270. 



*)48M1 t 
49F1, 52M3 
*>)63B13, 
64N1, 65C3, 
64L1 

C )62T1,63B9,\ 
67 R4, 64T2, 
66R5, 67R2 
*)55H2 
*)59P1 
*)66S8 

*)59M2,60S2 
*)63S13 
C )63S13 

58M4, 59M3\ 



*)55K1 

*)54A 1 

C )56M4, 

61 'M 2, 65C1 

*)61S4, 62C3\ 

*)60C3 

i)58H1, 

65 B7, 66B6 

*)56C1 

*)56M4 t 

61F2, 59D3, 

65C1 

i)64T2 



Tab. 29. BaTiO s . Solubility in KF solution. [54K1] 



T 


1000 


1050 


1100 


1150 


1200 


1250 


1300 


°C 


BaTi0 8 


4 


6 


9 


12.5 


17 


22.5 


28.5 


mole % 



Tab. 30. BaTiO s . Fractional 
coordinates of atoms in the 
unit cell of phase I. [52M2] 



X 


y 


z 


Ba 


0 


0 


0 


Ti 


i 


i 




O 


i 


i 


0 




i 


0 


* 




0 


i 


i 



Tab. 31. BaTiO,. Shift of atoms in fractional coordinates of phase II from the positions of phase I. 

[51K1], [55F1], [61 hi] 





5*0(2) 


Ba 


Ti 


O(l) 


°( 2 ) References 


5*0(1) 


#11 ^3S 






-^11 ^22 ^33 | 



0.014 
0.014 
0.015 
0.012 



-0.032 
-0.023 
-0.024 
-0.026 



0 

-0.014 
-0.020 
0 



0.48 

0.273 
0.27 0.28 
0.27 0.28 



0.13 

0.152 
0.53 0.21 
0.46 0.30 



0.13 
0.334 
0.90 0.08 
0.90 0.50 



0.267 
0.60 0.49 0.07 
0.60 0.90 0.90 



55F1 
61E3 
61E3 



e positions of atoms in the unit cell are Ba at (0, 0, 0), Ti at (*, h i + **rd> O(l) at (*, |, d*otn) and 
( 2 ) at ft, 0, i + 6*0(2)). _ 
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Jtom S 3 ?n ?£ Ti ° 3 V pactional coordinates of 
atoms in the unit cell of phase III. [J7S2] 



Ti 



0(1) 



0(2) 



0 



0 

i 

0 

i 

i + tyoto 
i + syov 
i - tyoM 
i - *yov 

&:t%T(/o> = - 0(,10; ^> = - 0 0^; 



0 

i + dzy^ 
I + <5*o<i) 

<^0(i) 

i + $ z o{t) 

t + d *0(t) 

i + <5*o( 2 ) 



and III, respectively. [5752] 



<5z 



Ba at (000) 
+0.06 A 
-0.06 A 
-0.07 A 
±0.02 A 



+0.06 A 
-0.09 A 
-0.06 A 



Origin is chosen to give 6z 0{l) = 0 



Sz 



Tab. 34. BaTi0 3 . 



+0.13 A 
+0.07 A 
+ 0.02 A 



+0.15 A 
+0.09 A 
-0.03 A 



2Ba(l) at (b) 
4Ba(2) at (f), 
2Ti(l) at (a), 
4Ti(2) at (f), 
6 °(*) at(h), 
120(2) at(k, 



z = 0.097, 

z = 0.845, 

* = 0.522, 

* = 0.836, * 



- 0.076 



intheXi.O.^oup 5 ' Itotonic distances of hexagonal structure. r,^ 

0(1)-0(1)= 2 .49A in the shared face. 

0(2) - 0(2) I 2.91 A " Same ^ ^ the at ° mS d0 * ot ^long to the same shared face 
O(l) - 0(2) = 2.91 A 
Ti(2) - O(l) = 1.96 A 
Ti(2) - 0(2) = 2.02 A 
in the TiO, octahedra 
0(2) - 0(2) = 2.82 A 
0(2) - 0(2) = 2.69 A 
Ti(l)- 0(2) = 1.95 A 



in the same layer, 
between adjacent layers. 



Tab. 36. BaTiO,. Lattice constants and unit cell Tab %l p aT n 
volume at various T rf*»n e " lab - 37. BaTiO. 



T 
°C 


a 

A 


b 
A 


c 

A 


V 

A* 


+ 
+ 


20 
4 


3.9920 
3.9910 


3.9920 
3.9911 


4.0361 
4.0357 


64.317 
64.282 



Linear thermal expansion coeffi- 

Sah a nd r ov^o r r v rw-i 



99 



4.0185 
4.0170 



3.9860 
3.9750 



®rv-m 
- 99 I 4.0015 
-160 J 3.9996 



| 4.0015 
| 3.9996 



4.0162 
4.0150 



4.0020 
3.9997 



64.319 
64.093 



64.079 
63.981 



T 
°C 


io- 6 °c-i 


io-« °o* 


10" 6 0 0 1 


+20-*-+ 4 
+ 4 • • - 99 
-99--- -160 


15.7 
4.9 
7.8 


15.7 
28.4 
7.8 


6.2 
-0.9 
8.2 



Tab. 38. BaTiO,. Transition heats and transition 



Transition 



[ Accuracy of measurement below RT was ±0.0007A 



II ->I 







cal mol- 1 


cal mol" 1 °K" 1 


8 + 2 


0.04 


14.3 


0.07 


12 


0.06 


22 + 4 


0.076 


15.5 


0.054 


16 


0.058 


50 + 5 


0.125 


47 1 


0.12 


47 


0.12 
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Figures p. 251 ff. 
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Figuren S. 252 ff. 
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Figures p. 262 ff. 
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Figuren S. 259ff. 
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Tab. 42. BaTiO,, SrTiO, TiO KT.r> tv " ~~ — 



4n Qt 



BaTiO, 
Ordinary ray 



vf - v 2 

SrTi0 3 



20.4; 491 
0-059 ± 0.002 
0-60 ± 0.03 

54.8; 183 
0-030 ± 0.006 
2.2 ± 0.4 

296 ± 8; 33.8 ± 0.9 
2.5 ± 0.1 
1830 ± 70 



18.4; 544 
0.049 ± 0.002 
156 ± 0.06 

56.3 ±0.5; 178±2 0 
0-039 ± 0.004 
3.6 ± 0.4 

H4.3±l.l;87.7±0 9 
0.5 ±0.1 ' 
311 ± 62 



TiO, 

Ordinary r ay 

20.0; 500 
0.044 ± 0.004 
2.0 ± 0.2 

25.8; 388 
0.058 ± 0.006 
1.08 ± 0.1 

54.8 ±0.5; 183 ±1 8 
0.19 ± 0.01 
81.5 ± 4.1 



KTa0 3 

18.2 ±0.2; 549^T 
0.043 ± 0.009 
2.4 ± 0.5 

49.8; 200.8 
0.055 ± 0.011 
7.6 ± 1.5 

107.5±2.0;93.0±2 0 
0.5 ± 0.1 * 
163 ± 33 



strength 4n Qi . 



Resonance wavelength A t in io~* m ; _ _ ^ _ 

- «. Ba Ti0 „ &Ti O,. T10> . ^ ^ mmul atoipfion edga ^ ^ 

1 E ° Mi | 

Sr TiO s I 3 2 
BaTiO, 3.2 

^ / i | | iA ev 

I SrTiO, I BaTiO, I r — _ , . ! 



Faraday rotation 

ftft>r for 
Faraday rotation 

h co g for F 2 
Energy of reflectivity 
, peak or shoulder 
[ Energy of electroreflectance 
singularity 

I ho> z from absorption data 
1 Energy at which absorption 
coefficient <x & 10 4 cm~ 1 



296 °K 


_ 77 °K 


3.40 


3.43 


3.21 


3.26 


3.20 




3.40 




3.37 





,403 °K |^96^K~p^T 



3.26 



KTN 

296 °K 



3.79 



3.45 



F*- on PTC «„ m a, y 

Material* i J 

Reference: 



3.62 


eV 


3.37 


eV 




eV 


3.00 


eV 


3.30 


eV 




eV 


3.18 


eV 



BaTi0 3 : Nb 
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BaTiO,: Ce 

BaTiO,: Sm 

BaTiO,: Gd 

BaTiO, : Sb 

(Ba-Sr)TiO, 

(Ba-SrjTiO,: La 
BaTiO,: Sr. Ce, Sn 
BaTiO,: Sr, Ca, Sn 
BaTiO, : Sr, Bi 
BaTiO,: Mg, Ce 
BaTiO,: Zr, Ce 
BaTi0 3 : Si, Ce 



65U2 

65M1 J ' 

63T3 

63G5 

65U2 

65 A 3 

61H5, 65 A 3 

59S1 $ 61T1, 63T3 

61S1 

61S1 

63T3 

61S1 

61S1 

61S1 
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b 


O 


3 


C: 




P 


4 


T 




T 


5a 


D 




ai 




C 


6a 


S; 




~A 






c 


T 


7a 


P 


9a 


E 




Ii 




F 


12b 


E 


14a 


E 


16 


F 
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Figures p. 268 ft 



Nr. 1A-9 PbTi0 3 , Lead titanate 



la 
b 



phase 


IIP)* 


II») 


I a ) 


state 




F a) 


pa) 


crystal system 




tetragonal 0 ) 


cubic*) 


space group 




P4mm-CJ v 


Pntfm-OJ, 



2a 
b 



5a 



6a 



c 

7a 



9a 



12b 



Ha 



16 



Ferroelectric activity was reported independently by Shirane et al. and by 
Smolenskii in 1950. 



-100 b ) 



490» 



a = 3.904 5 A, c = 4.152 4 A at RT (in phase II). 



Crystal growth: KF flux method; PbCl 8 flux method. 
Crystal form: Fig. 271. 



Crystal structure: Positional parameters: Tab. 47, 48. 
Projection of crystal structure: Fig. 272, 273. 



Thermal expansion: Fig. 274 280. 

Dependence of lattice parameters on hydrostatic pressure: Fig. 281. 



Dielectric constants : Fig. 282. Small dielectric anomaly was observed at about — 100 
and -150 °C. 

Curie-Weiss constant: C = 1.1 * 10 s °K (single crystal). 



Specific heat: Fig. 283. 
II — I 



1150 



cal mol" 1 



/\S m 1.6 cal oK^mol- 1 

Thermal conductivity: Fig. 284. 



Piezoelectric properties: Tab. 49. 



Birefringence: Fig. 285. 

Infrared absorption: Fig. 286, 287. 

Frequencies of infrared modes: Tab. 50. 



ESR: Tab. 51. 



Domain structures were observed by polarized light. 



Radiation damage : Fig. 288. 



50S4 
50S6 

*)51S6 
*)55K3 
C )46M2 



46M2 



58K1, 52N2 



56K2 
62B4 



51S7 
51S7 



52N2, 58K1 
59K1 



Tab. 47. PbTiO s . Positional 
parameters of atoms at RT. 
[56S5] 





X 


y 


Z 


Pb 


0 


0 


0 


Ti 


t 


i 


0.540 


O(l) 




i 


0.112 


0(2) 


k 


0 


0.612 




0 


i 


0.612 



Tab. 48. PbTiO s . Bond lengths in A at RT 
(phase II) and at 490 °C (phase I) [56S5]. 0(1) + 
represents the 0(1) ion closer to, 0(1)_ that fur- 
ther away from Ti. Similarly 0(2) + is closer 
to Pb 



phase 



Ti-0(1) + 

Ti-0(1)_ 

Ti-0(2) 

Pb-O(l) 

Pb-0(2) + 

Fb-0(2)_ 



II (at RT) 



1.78 
2.38 
1.98 
2.80 
2.53 
3.20 



I (at 490 °C) 



1.89 
2.80 



Phase transition II-III was reported to occur only if the cooling rate is extremely slow. [55K3] 
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Figuren S. 270 ff. 
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Tab. 49. PbTi0 3 (modified 
ceramics) . Electromechan- 
ical constants at RT 
[68 Ut] 



Ta in 2 50 ' ? bTi °3 Wave numbers 
in 10 2 m-i and symmetries of in- 
frared modes of lattice vibration 
| obtained from Kramers-Kroni? 
analysis of the reflectance data at 
RT. [6SP4] 




The spectrum up to 300 °C and down to -,20 »C did not show any fundamental change 
Nr. 1A-10 CaZrQ 3 , Calcium zirconate 



5^^^SS 1 £ CaZlQ ' WCre StUdi6d in COm P arison -ith those of some" 
6 Th = SsITJSa It b R e x ° rth0rh0mbic with «» -11 dimensions . = 5.587 A, 



Linear thermal expansion - « = 8 55 • in-« °r-i k,,^ " 

« = 9.53 - 10-« °C-i between 223V J I between 23 C a *d 223 °C; 

e = 4.95 • IV kg m-' 333 Cfor cera nucs of bulk density 



Infrared absorption: Fig. 289, 290; Tab. 52. 




*1 

(Zr-O stretch) 


v 2 

(Zr-O s torsion) 


(O-Zr-O bend) 


(cation-Zr0 3 
lattice mode) 


515 fi^j 


340 (JSj s ^ ) 
(377) * 2 ' 
(418) 




153 (B lt B t .A x ) 
v6 



The ficticious spin is ± 



60 
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i 



Nr. 1A-11 SrZr0 3> Strontiu m zirconate 
1 



7 o 7S . in-" "C- 1 between 23 °C and 320 °C; 

Linear thermal exp—. «=*75 ^ ^ o( . for ceramics of bulk dens.ty 

(x = 9.34 * lvi _ — 

Q = 5.00 • 10 3 kgm" 3 " 



T^l^oT^^ Tab " 53 ' 



57R2 



65B10 



lattice vibration obtained iroi rt ^ ] 



(Zr-O stretch) 


v 2 

(Zr-0 3 torsion) 




(O-Zr-0 bend) 


v 4 

(cation-ZrO a 
lattice mode) 


522 (B„ B„ 4,) 


325 (B^B.M.) I 240 (B 1 .B I( il J ) 
(357) 

(379) I 


143 (B v B 2 , A A ) 



i0 3 
Dde) 



/0 



Nr. 1A-12 BaZr0 3 , Barium zirconate 
1 



o = 4.192 A at RT. 



Linear thermal expansion. « - 5.64 ^ ^ ^ ^ ceramics of bulk denslty 
a = 6.b4 * iv ^ 

e = 6.73 • 10 3 kg m- 



65B10 



of lattice vibration obtained rrom^ ^ ^ pfl 



(Zr-O stretch) 



(Zr-0 3 torsion) 



V 3 

(O-Zr-O bend) 



505 (F 1U ) 
Nr. 1A-13 PbZr0 3 , Le ad zirconate 
la 



210 (F 1H ) 



(cation-ZrO s ) 
lattice mode) 



115 (F ltt ) 



A-13 PbZrU 3 , Leaa ~ . TfZTinde- 




phase 



II») 



state 



crystal system 



space group 



A b ) 

orthorhombic c ) 



pa) 



Pba2-C| v c ) 



cubic c ) 



Pm3m-0^ c ) 



230 °C ft ) 

0 i * ot fir, nhase ID. The cubic unit cell in 

a _ 5 87 A, b = 11.74 A, c « ^.20 A at RT ^ 

phase 1^ i u Lstants a, b and c: a = H*. 

«■ and C are related with the ortto^mbic w RJ Relation between 

b = 2^2 a' and c = 2c', whore a _ - ^ ^ a * 

the pseudo-tetrag^ naj^n^ 

Crystal growth: PbCl a flux method 

Makita 



50R1, 5 OS 7 

51S3 
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*)50R1 
*)51S3 



51 S3 



55 J 2 



61 



Figuren S. 271 ff. 



5a 



6a 



9a 



16 
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Nr. 1A-13 PbZrO, continued 
Bond distances between Zr and 6: Fig. 299. 



Thermal expansion : Fig. 300 ■ * * 303 ~ 

Z ~ Tw 5 ,^k5~' *? d ~; - i 80 10 "' ' K -' * p"«« ii: 

T~^i ~r~> • a a j " ' ' — 



Dielectric constants : Fig. 304. 

I' 3 r " 105 ° K ( determ ined with ceramics). 
Effect of pressure: Fig. 305. 
(de a /d/>)^ 0 = (4.1 ± 0.2) 10- 8 °K N- 1 m*. 
Critical field : Fig. 306. 



Specific heat: Fig. 307. " 

For the transition II I : AQ m = 440 cal mol"*; JS m = 0.88 cal °K- mo I-i. 
Thermal conductivity: F ig. 308. 

Elastic compliances: Fig. 309^ " ' 



Birefringence: Fig. 310. 
Infrared absorption: Fig. 311, 312; Tab. 56. 



Radiation damage: Fig. 313. 



51 S3, 57 J 4 
51S3 J ' 
57J4 



52S1 



50 Ef 
66R2 



52S2 



Tab. 55. PbZrG 3 (ceramics). Atomic coordinates and shifts from ideal perovskite positions at RT. [,7/f] 



Atom 


X 


Pb' 
Pb" 


0.706 
0.706 


Zr' 
Zr" 


0.243 
0.243 


O(l)' 

o(ir 


0.270 
0.270 


0(2)' 
0(2} H 


0.040 
0.040 


0(3)' 
0(3) " 


0 
0 


0(4)' 
0{4)" 


0 
0 



y 


z 


Wyckoff 






notation 


0.127 


0 


4c 


0.127 


0.500 


4c 


0.124 


0.250 


4c 


0.124 


0.250 


4c 


0.150 


0.980 


4c 


0.100 


0.480 


4c 


0.270 


0.300 


4c 


0.270 


0.750 


4c 


0.500 


0.250 


26 


0.500 


0.800 


2b 


0 


0.250 


2a 


0 


0.800 


2a 



Total 
shift 
A 



0.26 
0.26 

0.04 
0.04 

0.35 
0.35 

0.53 
0.34 

0 

0.41 
0 

0.41 



(Zr-0 stretch) 


(Zr-O s torsion) 


?3 

(O-Zr-Obend) 


(cation-ZrO, 
lattice mode) 


508 (E U ,A X ) 


290 (B lf E u ) 


221 (E u , Aj) 


34 



Nr. 1A-14 PbHfO s , Lead hafnate 
la 



phase in 



state 



crystal system 



e 



(A) 



pseudo-tetragonal 



II 



tetragonal 



163 



cubic 



215 



62 



Lattice constants for the pseudo-t etragonal phase: a' = 4.136 A, ✓/«' « 0.991 at RT. 

Makita 
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Figures p. 274 ff. 



5a 



Dielectric constant: Fig. 315. 
C = 9.5 * 10 4 °K (ceramics). 

Nr. 1A-15 BiFeO st Bismuth ferrite 



Thermal expansion: Fig. 314. ^ on ,n^j 
Cubic thermal expansion coefficients: below 158 °C: 20 • 10"* deg 
above 215 °C: 27 - 1Q- 6 deg" 1 . 



53S3 



53S3 



In 1960 a ) it was pointed out on the basis of x-ray studies of the solid solution, 
PbTiO -BiFeO, that BiFeO s could have a ferroelectric Curie point at high temper- 
atures. 3 The Curie point was estimated to be about 850 °C from studies of the same 
solid solution 5 ). . , 

Disagreement however, exists among many experimental data reported so far, 
therefore reservation is necessary in deciding whether BiFeO s is ferroelectric or anti- 
ferroelectric. , , 

Antiferromagnetic anomaly in BiFe0 3 was observed by direct magnetic measure- 
ments at about 370 °C C ). 



phase 


IV 


III 


II 


I 


state 


(A) or (F). 


(A) or <F). 
Pmagn 


(A) or (F), 
P 

r m&en 


(P). 

Pmagn 


crystal system 


rhombohedral 


rhombohedral 


rhombohedral 


cubic 
(possibly) 


space group 


R3m-C|** 









0 



370 



~575 



850 



5a 



11 



12c 



17 



a = (3.962 ± 0.001) A, oc = 89° 31* ± 3' at RT. 
Further references are available on unit cell parameters. 



Crystal structure : From the x-ray diffraction studies, BiFe0 3 was found to belong to 
one of the five space groups : R 3, R 3, R 32, R3m and R3m. 

Neutron diffraction studies suggested that BiFeO, belongs to the non-centrosymme- 
tric space group R3m. The crystal structure can be regarded as consisting of alter- 
nating FeO s and BiO s trigonal pyramids: Fig. 316; Tab 57. 

According to the electron diffraction study, BiFeO s belongs to the non-centro- 
symmetric space group R3m at RT. Atomic coordinates : Tab. 58 
The space group R3m was, however, rejected by Smolenskii et al., because it does 
not satisfy the conditions for the existence of weak ferromagnetism. 
The magnetic structure of BiFeO s was proved to be G-type by the neutron diffraction 
experiments. Fig. 317, 318. „ 



Unit cell parameters: Fig. 319, 320. See also 



Dielectric constant: Fig. 321, 322, 323. 

No reliable data on the dielectric constant in the high temperature region near 850 C 
are available. 



Magnetic susceptibility: Fig. 324. . n , 9 ., nA 

At RT, no spontaneous magnetic moment was observed in the fields up to ZZ kUe. 



Mossbauer effect: Fig. 325, 326. 



Calculations of the internal electric fields and their gradients in BiFeO s crystals were 
made on the basis of an ionic model. 

Tab. 57. BiFeO s . Values of the 
interatomic distances [A]. [63 K 5], 
See Fig. 316. See also [64T6] 



*)60F9 t 60V2 
*)61F3, 62F8 



c )62SfO, 
63RU 6512 



64T6 

60V2, 60F6, 
60Z2 



60Z2 
63K5 



64T6 



64S9 
63K5 



66R8, 64T5 



67T7 



Atomic coordinates. [64 T 6] 



1 520 °C 


20 °C Atom 


X 


y 


z 


Bi-Fe {A) 
Bi-Fe (B) 
Bi-0 (C) 
Bi-O (D) 
Fe-O (F) 
Fe-0 (G) 
O-O (H) 
O-O {K) 
O-O (L) 


3.841 
3.006 
2.903 
2.680 
2.233 
1.754 
2.841 
2.800 
2.680 


3.857 Bi 

2.994 Fe 

2.907 0(1) 

2.693 0(2) 

2.214 0(3) 

1.774 

2.859 

2.800 

2.724 


0.0337 
0.5000 
-0.0280 
0.5000 
0.5000 


0.0337 
0.5000 
0.5000 
-0.0280 
0.5000 


0.0337 
0.5000 
0,5000 
0.5000 
-0.0280 



k * This state is presumably weak ferromagnetic. [66V 2] 
K ** See subsection 3. 



Makita/Nomura 
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Figuren S. 276 ff. 



II 1 Oxide des Perowskit-Typs 



Nr. 1A-16 KI0 3 , Potassium iodate 

Ferroelectric behavior in KI0 3 was reported by Herlach in 1961. 



2a 



phase 



state 



crystal system 



Va) 



IVa) 



Fa) 



III*) 



F») 



trigonal b )* 



pa) 



212*) 



-190*) -18, -10*)** 70*) 

^melt = 560 C C. 

9 = 3.979 1 ) * 10 3 kgm-3. 

a - nn^' l*° 2 ' ^ given in the same refe ™-- 

a Z 921 A - S^i A ~ V^I**' ad ° Pting S * stem - 

triclinic system." A ' ' ~ 8 885 ' * = 0 = y ^ 90° ± 30' at RT, adopting 

Transparent 



Hydrothermal method : Fig. 327 

h l m ^supersaturated solution with 10 
perature: Fig. 328. 



14% HI0 3 at a constant tem- 



Z == 1 in phase III, adopting trigonal system. 
Z = 8 in P has e HI, adopting triclinic system. 



Lattice deformation: a = T4.44 + 0 00022 (T 9?nn A 
« = 89° 20' - 0.09 (T - 220)" in pW I ( r ( Tn~C) " A ' 



Dielectric constants : Fig. 329, 330. 
Spontaneous polarization: Fig. 331. 



61m 

*)61H3 
h )60S5 



66H17 
08g1 

60S5 
65F3 



61 H 3 
27m1 



61H3 
65F3 



61 H 3 



66H17 
61H3 



67V2 



61H3 



IB Complex perovskite-type oxides 
Nf * 1B1 " i ( K i/2 B ii/ 2 )Ti0 3 , Potassium bismuth titanate 



Ferroelectricity in (K l/2 Bi l/2 )Ti0 3 was found by Smo LENS k„ and Agranovskaya in 



phase 



state 



space group 



III 



(F) 



crystal system tetragonal ' pseudo-cubic Zubh 



II 



(A) 



I 



0 270 410,380*) 

a = (3.913 ± 0.003) A, c = (3.993 ± 0.003) A at RT. 



Pm3m-OJ 



Crystal structure: Disordered perovskite. 



Lattice distortion : Fig. 334. 
Thermal expansion : Fig. 335. 



59S6 



6215 



*)60S6 



6215 



Nr. lBl-ii (Na l/2 Bi l/2 )TiQ 3 , Sodium bismuth 



titanate 



59S6 



** Va i^r nn^ 31 ,^ 516111 !^ 6 bCen P r °P° sed: trigonal [60SS], triclinic [6SFS] 
- 10 C on heating, - 18 °C on cooling. iwj- 

Abe/Nomura 



II 1 Perovskite-type oxides 



Figures p. 278 ff. 



lb 



phase 
state 

crystal system 



space group 



III 



rhombohedral 



II 
(A) 

pseudo-cubic 



cubic 



Pm3m-Oi 



~200 a ) 320 
a = (3.891 ± 0.002) A, <x = 89° 36' ± 3' at RT. 



Crystal structure : Disordered perovskite. 



Thermal expansion : Fig. 337. 



Dielectric constant: Fig. 338. 

Spontaneous polarization and coercive field: P s & 8.0 • 10" 
E c ~ 14 - 10 2 kV m" 1 at 116 °C. 



: Cm- 2 



621$ 



*)60S6 



6215 



60S6 



Nr. lB2-i Pb(Mg l/2 W l/2 )0 3 



la 


Antiferroelectric properties of Pb(Mg 1 / 8 W 1 / 2 )O s were discovered by Smolenskii et al. 
in 1959. 


59S7 


D 


phase 


II 


I 






state 


A 


P 






crystal system 


orthorhombic 


cubic 


62Z1 




space group 


C222 r D| 








e 


38 °C 






a = 22.74 A, b 
Orthorhombic u 


= 22.79 A, c = 15.90 A at RT. 
nit cell : see Fig. 339. 




2a 


Crystal growth: 


Crystal growth of Pb(Mg l/2 W l/2 )0 3 was reported by Myl'nikova. 


60M2 


3 


Crystal structure: Pb(Mg l/2 W l/2 )0 3 has the structure of perovskite type. Fig. 339. 
Z = 64 (molecular unit: Pb 2 MgWO e ). 


62Z1 


4 


Lattice distortion associated with the phase transition. 
Thermal expansion: Fig. 340. 


62Z1 


5a 


Dielectric constants: Fig. 341, 342, 343. 
d&Jdp = -5.84 - 10 8 °K N^m 2 . 




6 


Specific heat: Fig. 344. 
Transition heat (II -*•!): dQ m = 


= 276 cal mol- 1 . 


66S28 


8a 


Elastic compliance: Fig. 345. 
Ultrasound absorption : Fig. 346, 347. 





Nr. lB2-ii Pb(Cd l/2 W l/2 )O s 



Synthesis of Pb(Cd l/2 W 1 / 2 )0 3 was reported by Belyaev et al. in 1963. 
phase II 



state 



crystal system 



(A) 



monoclinic 



cubic 



400 °C 

a = (4.156 ± 0.002) A, 6 = (4.074 ± 0.002) A, p - 91° 9' ±5' at RT. 
Roginskaya and Venevtsev reported that another transition exists at 120 °C ( in 
addition to the transition at 400 °C. 



Crystal structure : Superstructure lines, indicating ordered location of the octahedral 
voids of the perovskite lattice, were observed. 



Lattice distortion: Fig. 348 t 349. 



Dielectric constant: Fig. 350. 



63B3 



65F4 



65R4 



65F4 



>H-B6rnstem, Neue Serie 1 11/3 



Nomura 
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phase 


II 


I 


state 


(A), P mapn 


P P 


crystal system 


monoclinic 


cubic 



423 



a = 4.063 A, 6 = 4.033 A, 0 = 90° 12' at RT. 



Dielectric constant: Fig. 351. 



Electrical conductivity: a = 8 • 10~ 8 H^ 1 m~ 



Magnetic susceptibility: see Fig. 351. 



6SR5 



65R5 



65R5 



Nr. lB2-iv Pb(Co l/2 W l/2 )0 ; 
~la 



Antiferro- and ferroelectric properties in Pb(Co l/2 W l/2 )0 3 were discovered by Filip', 



phase 



state 



crystal system 



6> 



2a 



11 



IV 



F F 

* IE 



(weak) 



III 



II 



A, P, 



mapn 



orthorhombic 



p.p. 



marn 



cubic 



9a) 



83 •■ - 103 



a = 4.008 A at 298 °K. 

Crystal growth: Flux method with PbO. 



293*) 
305 



°K 



63F1 

65B8 

*)66K6 
*>)64F4 



parameter A = 2a for phase I and witii t)^ n CU ? ,C fa / e C6 „ ntered one with th * 



phase 



II 



lattice parameters 

A = 8.017 A at 298 °K 



65B8 



64F4 



A = 5.669 A, B = 7.956 A, C = 5.689 A at 258 °K 



Lattice distortion: Fig. 352. 



Dielectric constant: Fig. 353, 354, 355. 
Polarization: Fig. 356. 



64F4 



Magnetic susceptibility and magnetization: Fig. 357, 353. 
Nr. lB2-v Pb(Mn l/2 Re l/2 )0 3 



A synthesis of Pb(Mn l/2 Re l/2 )0 3 was reported by Venevtsev et al. 



phase 



state 



crystal system 



e 



in 



(A), F, 



marn 



II 



(A), P 



mam 



monoclinic 



P.Pn 



cubic 



103 



4.043 A, b = 4.012 A, = 90° 33' at RT. 



393 



°K 



Crystal structure: Ordered perovskite. 



64 V 3 



65R5 



65R5 



Nomura 



II 1 Perovskite-type oxides 



Figures p. 281 ff. 



4_ 
10 



Lattice distortion : Fig. 359. 



Electrical conductivity: a = 1 • 10 -1 Q~ l m _l . 



65R5 



65R5 



11 



Magnetic susceptibility and magnetic moment: Fig. 360. 

The linear temperature dependence of Zmaen with a positive value of <9 pmafn — 85 °K. 
and the appearing of the spontaneous moment at 103 °K, may indicate the presence of 
ferromagnetic properties in this compound, which is in agreement with the positive 
sign of the indirect exchange interaction proposed by Goodenough for Mn 2+ and 
Re 6+ ions. However, the magnitudes of the calculated theoretical spontaneous 
moments agree with the experimental values only on the assumption of an anti- 
ferromagnetic interaction between ions distributed in an ordered fashion over the 
octahedral vacancies. 



Nr. lB3-i Pb(Sc l/2 Nb l/2 )0 3 



65R5 



Ferroelectricity in PbfSq/aNb^Og was discovered by Smolenskii et al. in 1959. 
phase II 



state 



crystal system 



tetragonal*) 
(possibly) 



cubic 



90 °C 

a = (4.074 ± 0.001) A, c = (4.083 ± 0-001) A at RT.») 



Crystal structure: In the powder patterns, additional to the principal lines of the 
perovskite structure, superstructural lines were observed indicating a doubling of the 
lattice period. 



Dielectric constant: Fig. 361. 
Spontaneous polarization : P 6 



: 3.6 * 10- 2 cm- 2 at 18 °C. 



59S9 
59S9 

*)60I3 



5913 



59S9 



Nr. 1B3-H Pb(Mn l/2 Nb l/2 )O s 



la 



A synthesis of Pb(Mn l/2 Nb l/2 )0 3 with perovskite structure was reported by Venev- 

tsev et al. I 64V 3 



Nr. lB3-iii Pb(Fe l/2 Nb l/2 )0 3 



phase 


III 


II 


I 


state 


F, Amaen 


F, Pmagn 


P> Pmagn 


crystal system 


rhombohedral 


rhombohedral 


cubic 


space group 






Pm3m-Of l 



2a 



5a 



9a 



11 



12b 



Ferroelectricity in Pb(Fe l/2 Nb 1 / 2 )0 3 was discovered by Smolenskii et al. in 1958. 



e 



143 



387 



°K 



a = 4.014 A, a = 89.92° at RT. 



Crystal growth : Flux method with PbO. 



Crystal structure: Disordered perovskite; X-ray studies have not shown any ionic 
ordering in the octahedral sites of perovskite structure. The magnetic peak was 
found in the neutron diffraction experiments at 78 °K. The effective magnetic 
moment of the Fe 8+ ion was found to be (0.80 ± 0.16) jw B at 78 °K from the cal- 
culation of the intensity of the (111) reflection, which is about 90% of the magnetic 
moment at 0 °K. Fig. 362. 



Dielectric constant: Fig. 363. 



Optical absorption : Fig. 364. 



Magnetic susceptibility: Fig. 365. 
Meff = 5.4 fX B . 



ESR: Fig. 366. 

Mossbauer effect: Fig. 367, 368. 

The quadrupile splitting J£ QU = (0.37 + 0.02) mm sec" 1 , the isomer shift 
<5 = (0.52 ± 0.02) mm sec -1 , corresponding to trivalent iron (at 20 °C). 



58S4 

62 B 7 
64S8 

62B10 



62B7 



64S8 
65D6 



62 B 7 



66S22 



Nomura 
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Figuren S. 283 



II 1 Oxide des Perowskit-Typs 



Nr. lB3-iv Pb(Co l/2 Nb l/2 )O a 

TSETet^? ° f Pb(COl / 2Nb ^/^°3 with perovskite structure was reported by Venev- 
Informations on the dielectric and magnetic properties are available; 



64 V J 
65R5 



Nr. 1B3-V Pb(Ni l/2 Nb l/2 )O a 



^ | 5 m^oft^O 03 Per ° vskite structure was synthesized by the addition of 



Nr. lB3-vi Pb(In l/2 Nb l/2 )O s 



65S17 



5a 



Dielectric anomaly in Pb(In l/2 Nb l/2 )0 3 was found by Kupriyanov and Fesenko in 



phase 



state 



crystal system 



9 



II 



(F) 



monoclinic 
(possibly) 



I 



cubic 



a =4.11 A at RT. 

Dielectric constant: Fig. 369. 



90 




Nr. lB3-vii Pb(Yb l/2 Nb l/2 )0 3 



3 

4~ 
5a~ 



Antiferroelectric properties in Pb(Yb l/2 Nb l/2 )0 3 were reported by Filip'bv et al. in 



phase 


II 


I 


state 


AF 


P 


crystal system 


monoclinic 


cubic 



e 300, 310») o C 

a = 4.168 A, b = 4.107 K P = 90° 27' at RT»). 
Pom were fouST' SuperStructure lines ' corresponding to ordering of Yb*+ and Nb>+ 



Lattice distortion: Fig. 370. 
Thermal expansion : Fig. 371. 

Dielectric constant : Fig. 372. 



63F1 
65K9 
*)64T4 



64T4 



Nr. lB3-viii Pb(Ho l/2 Nb l/2 )O s 



Dielectric anomaly in Pb(Ho l/2 Nb l/2 )0 3 was found by Kupriyanov and Fesenco. 



phase 



state 



crystal system 



e 



ii 



(A) 



monoclinic 



cubic 



240 



a = 4.160 A, b = 4.106 A, $ = 90° 30' at RT. 



65K9 



65K9 



5a Dielectric constant: Fig. 373. 
Nr. lB3-ix Pb(Lu l/2 Nb l/2 )O s 



68 



s D KAvf J l%°8 maly in Pb(Lu ^ 2Kb ^°3 was by Smolenskii and AGRANOV- 



Nomura 



58S3 



II 1 Perovskite-type oxides 



Figures p. 284 ff. 



lb 


phase 


II 


I 






state 


(A) 


P 






crystal system 


monoclinic 


cubic 


65K9 




9 


270 °C 




a = 4.152 A. b = 


- 4.093 A. 5 = 90° 30' at RT. 






Thermal expansion : Fig. 374. 





5a 



Dielectric constant: Fig. 375 



Nr. 1B3-X Pb(Sc l/2 T ai/2 )0 3 



Ferroelectricity in Pb(Sc l/2 Ta l/2 )0 3 was discussed by Smolenskii et al. in 1959. 
phase II * 



state 



crystal system 



e 



tetragonal*) 
(possibly) 



cubic 



a = (4.072 ± 0.001) A, c 



26 °C 
(4.072 ±0.001) AatRT*). 



a — \^.vj i ^ rc v •w*? v — \ -»- _ — — 

Crystal structure: The large number of superstructure ^^^^J^^ 
in Pb(Sc l/2 Ta l/2 )0 3 indicates that the degree of ordering of Sc*+ and Ta ions is 
greater than in Pb(Sc l/2 Nb l / 2 )0 3 . 

See lB3-i-3. : 



5a I Dielectric constant: Fig. 376. 



Nr. lB3-xi Pb(Mn l/2 Ta l/2 )O s 



59S9 

59S9 
*)59I3 



5913 



la 



Pb(Mn l/2 Ta l/2 )0 3 with perovskite structure was synthesized by the addition of 
5 mol% SrO. 



65S17 



Nr. lB3-xii Pb(Fe l/2 Ta l/2 )0 3 



la 



b 


phase 


in 


II 


I 




state 


F, A maffn 


F, Pmaen 


P# Pmaen 




crystal system 


rhombohedral 


rhombohedral a ) 


cubic 




space group 






Pm3m-OJ 




e 


143, 133*) 243, 233*) °K 



2a 



Ferroelectricity in Pb(Fe l/2 Ta l/2 )0 3 was discovered by Smolenskii et al. in 1959. 



II L 111 ] (probably). 
a i (4.007 ± 0.001) A at RT. 
black (dark orange for thin samples). 



n , , . xruiv method with PbO. When the soak temperature is higher than 

So X^sfals S ob tS Thavfng both pyrochloride and per ovskite structure. 



Crystal structure: Disordered perovskite. 



phase 



II 



lattice constants 



a = (4.007 ± 0.001) A at RT. 



a = (4.006 ± 0.001) A at 90 °K 
<x = 89.89° ± 0.02° 



Dielectric constant: Fig. 377, 378. 
Spontaneous polarization : Fig. 379. 
Magnetic susceptibility : Fig. 380. 
/Htt = 5.92 /i B ; ©pmarn = -370 °K. 



59S7 



68 N1 
)65S17 



68N1 



65S17 



68N1 



68 N1 



Nomura 



69 



Figuren S. 285 



II 1 Oxide des Perowskit-Typs 



Nr. lB3-xiii Pb(Co l/2 Ta l/2 )Q 3 

Nr. l B3-xiv PbfTb^T a^O, 

Dielectric anomaly in PbfYb^Ta^O, was reported by Isupov and Kranik i; 



phase 



state 



crystal system 



e 



ii 



(A) 



monoclinic 



in 1964. 



cubic 



280, 285*) °C 
a = 4.154 A, b = 4.108 A, 0 = 90° 30' at RT. 
Thermal expansion: Fig. 381. 



Dielectric constant: Fig. 382. 
lB3-xv Pb(Lu l/2 Ta l/2 )O a 



65S17 



6416 



*)65K9 



la 


S^ImT 17 m Pb(Lu ^ Ta ^)° 3 was found by Smolhnskh and Agranov- 




b 


phase 


II 


I 


58S3 




state 


(A) 


P 






crystal system 


monoclinic 


cubic 


65K9 




& 

a - 4.153 A, b = 


280 °C 
= 4.107 A, 0 = 90° 30* at RT. 


4 


lattice distortion : Fig. 383. " 

Thermal expansion: Fi#. 384. 




5 


Dielectric constant: Fig 385 " ' 





N r. lB3-xvi PbCFe^W^O , 

^ £ E Te?aT ° f Pb < Fe ^)°» perovskite structure was reported by Vbkhv- 
o^T^os^T^ C ° nfirmed thC P~ ° f «*» sP-el phase in a sample 



Nr. 



lB3-xvii Pb(Li l/4 Nb l/4 W l/2 )Q, and sister crystals 



la 



PblLTm'wTo Per °^it e COmP ° UndS C ° ntainin S Pb were synthesized : 
•fb(U 1/4 Nbi /4 W l/a )0 3 Pb Zn I/ .Mn 1/ .Nb 1/ ,)0, PbfCo , M„ w 

SC^o 03 pb ^^:;:Nb;i§ ^SSS\ 

pLn? 74 ! 1 ^? Pb ^ Mn ^ Ta ^O. Pb(CdV^)0 
Pb(N ll/4 Mn 1/4 Nb 1/2 )0 3 Pb(Mg l/4 Mn l/4 W 1/2 )O a 

1B4-1 Pb(Mg^Nb a/3 )O s 
SSSRS?' " ^^JO. -s discovered by Smolensk:: and Agranov- 



phase 


II 


I 


state 


F 


P 


crystal system 




cubic 


space group 




Pm3m-OJ 


S 

« OtO AMI 


265») °K 



58S3, 59S6 



61B5, 60S7 
*)67B9 



II 1 Perovskite-type oxides 



Figures p. 285 fl. 



S3, 59S6 



B5, 60S7 
57B9 

7B18 



2a 



3 
4 
5a 
b 

c 

7a 
9a 



14a 



Crystal growth: Flux method (using PbO). 
Kyropoulos method. 



Crystal structure : Disordered perovskite. 



Thermal expansion: Fig. 386. 



Dielectric constant: Fig. 387. 388, 389. 

Nonlinear dielectric properties: E — [(T — 0 P ) (eoC)' 1 ] P + $P Z + CP* + 
where 6> p - 265 °K, C = (3,7 ± 1.0) • 10 s °K, and f s 5.6 ■ 10 8 V m 5 C" 3 . 

Spontaneous polarization and coercive field : Fig. 390. 



Piezoelectricity: Fig. 391. 



Refractive index: n = 2.56 for 6328 A at 299 °K. 

Birefringence: It was found that the crystals Pb(Mg l/3 Nb 2 / 3 )0 3 behave like optically 
isotropic crystals. An applied electric field causes double refraction. Fig. 392. 



Quadratic electrooptic effect : M n 
for 6328 A at 299 °K. 



M 12 = +0.015 m< C~\ M u = +0.008 m* C~ 2 



Domain structure: Clear domains were observed only in very thin wafers (e. g., 
20 • 10~ 8 m). 



59M5 
67B18 



61B5 



67B9 



67B9 



67B9 



61B5 



Nr. lB4-ii Pb(Zn l/3 Nb 2/3 )0 3 



la 
b 



2a 



5a 



Ferroelectric Pb(Zn l/3 Nb 2/s )0 3 crystal was synthesized by Bokov and Mvl'nikova 
in 1960. 

phase II 



state 



crystal system 



cubic 



B 

a = 4.04 A at RT. 
light yellow. 



140 



Crystal growth: Flux method with PbO. The crystals were separated from the matrix 
solution by washing in acetic acid at RT for a long time. 



Dielectric constant: Fig. 393. 



60B7 



60 B 7 



60 B 7 



Nr. lB4-iii Pb(Cd l/3 Nb 2/3 )O s 



lb | Dielectric anomaly in Pb(Cd l/3 Nb 2/3 )0 3 was reported by Venevtsev et al. in 1966. | 65T5, 66V 5 



I Nr. lB4-iv Pb^o^Nb^O, 



la 
b 



Ferroelectricity in Pb(Co l/3 Nb 2/3 )0 3 was found by Bokov and Myi/nikova in 1960. 



2a 



phase 



state 



crystal system 



space group 



II 



cubic 



Pm3m-Oi 



-98 



a = 4.04 A at RT. 
brown. 



60B7 



60B7 



Crystal growth: Flux method with PbO. 



5a Dielectric constant: Fig. 394. 



60B7 



Nomura 



71 



11 



Figuren S. 287 



Nr. lB4-v Pb(Ni l/3 Nb 2/3 )0 3 
la 



II 1 Oxide des Perowskit-Typs 



5a 



f^SlS? " Pb(Nil ^ Nb ^'°^ was dis — red by Smolbnskh and Agranov 



phase 


II 


I 


state 


F 


P 


crystal system 




cubic 


space group 




Pm3m-0£ 



e 



153 



°K 



a = 4.03 A at RT. e = 8.55 • 10* kg m -». 
yellowish green. 



Crystal growth: Flux method with PbO. 



Crystal structure: Disordered perovskite. 



Thermal expansion: Fig. 395. 



Dielectric constant: Fig. 396, 397, 398. 



9a I Birefringence: Fig. 399. 
Nr. lB4-vi Pb(M gl/3 Ta 2/3 )03 



S8SS, 59S6 



61B5, 60S7 



59M5 
59M5 
59M5 
61B5 



la Ferroelectricity in Pb(M gl/3 Ta 2/3 )0 3 was found by Bokov and Myl'nikova in I960.' 
b Dhase tt t 



2a 
3 

5a 



phase 


II 


I 


state 


F 


P 


crystal system 




cubic 


space group 




Pm3m-0£ 



60B7 



& 

a = 4.02 A at RT. 
light yellow. 



-98 



Crystal growth: Flux method with PbO. 



60 B 7 



Crystal structure: Disordered perovskite. 



Dielectric constant: Fig. 400. 
Nr. lB4-vii Pb(Co l/3 Ta 2/3 )0 3 



60B7 



6 OB 7 



Ferroelectricity in Pb(Co l/3 Ta 2/3 )0 3 was found by Bokov and Myl' 



phase 


II 


I 


state 


F 


P 


crystal system 




cubic 


space group 




Pm3m-OJ 



nikova in 1960. 



e 



a = 4.01 A at RT. 
brown. 



-140 



Crystal growth: Flux method with PbO. 



Crystal structure: Disordered perovskite. 



5a Dielectric constant: Fig. 401. 



60B7 



60B7 



60B7 



60B7 



Nomura 



II 1 Perovskite-type oxides 



Figures p. 287 ft 



Nr. lB4-viii Pb(Ni l/3 Ta 2/3 )0 3 




la 


Ferroelectricity 


in Pb(Ni l/3 Ta 2/3 )0 3 was found by Bokov and Myl'nikova in 1960. 


60B7 


b 


phase 


II 


I 






state 


F 


P 


60S 7 




crystal system 




cubic 




space group 




Pm3m-0£ 






0 


-180 °C 






a = 4.01 A at RT. 
preen. 






2a 


Crystal growth : 


Flux method. 


60 B 7 


3 


Crvstal structure: Disordered perovskite. 


60 B 7 


5a 


Dielectric constant : Fig. 402. 






Nr. lB5-i Pb(Mn 2/3 W l/3 )0 3 


. . - -- -wit \ y-v J J D/\r-iiiPI/ A "VTA 





la 



5a 
10 



b 


phase 


III 


II 


I 




state 


(A), (A maen ) 


(A), Pmapn 


P» Pmagn 




crystal system 




monoclinic 


cubic 



et al. in 1965. 



e 



203 



473 



a=c = 4.098 A, b = 4.014 A, jff = 90- 23' at RT. 



Dielectric constant: Fig. 403. 



a = 2* lO 11 ^- 1 ™- 1 . 



Magnetic susceptibility: see Fig. 403. 
Nr. lB5-ii Pb(Fe 2 / 3 W l/3 )0 3 



65R5 



65R5 



65R5 



Ferroelectricity in Pb(Fe 2/3 W l/3 )0 3 was discovered by Smolenskii et aL in 1959. 



phase 



2a 



5a 



11 



12b 



state 



crystal system 



III 



F, A n 



II 



P. A 



ma en 



cubic 



P, P n 



cubic 



O 

a = 4.02 A at RT. 



178 



363 



°K 



Flux method (PbO). 



59S7 

62B7 
65R5 



Dielectric constant: Fig. 404. 



S^l^f ffi^^ magnetic field intensity up to 8000 Oe. 

Effective magnetic moment: 4.2 _ 



ESR:Fig. 405. 

1C Solid solutions with perovskite-type oxides as end members 
Nr. lC-al NaNbO s -KNb0 3 



62 B 7 



62 B 7 



lb 



5a 



6a 



7a 



Phase diagram: Fig. 406, 407, 408. 
Lattice parameters : Fig. 409. 



Dielectric constant : Fig. 410; see Tab. 60. 
Polarization and coercive field : Fig. 411. 



Transition energy: Tab. 59. 



Electromechanical properties: Fig. 412 417; Tab. 60. 
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Tab. 59. (Na^KJNbO,. Transition energy /10 n 
[54S3] 



Tab. 



X 


Lower phase 
change 


Upper phase 
change 


1.00 (KNbO,) 

o.io 3/ 

0 (NaNb0 3 ) 


85 cal/mole 
20 cal/mole 


190 cal/mole 
60 cal/mole 
50 cal/mole 



60 (Nao. 5 K 0 )Nb0 3 (ceramics). Electric and 
electromechanical constants. [5P£7] 

Dielectric constant (100 kHz) 
Dissipation factor (100 kHz) 
Specific resistivity g 
Density g 

Poisson's ratio (assumed) 
Coupling factor k p 
Frequency constant f R r 
Mechanical g mech (radial) 
Young's modulus E 
Piezoelectric constant — d 3l 
Piezoelectric constant — g 31 
Piezoelectric constant d* z 

Piezoelectric constant g* 3 31.5 - 10~ 3 m* O 

Couphng factor k* z Q.51 



290 

-4.0% 
10 10 Om 

4.25 - 10 3 kgm-* 
0.27 

0.34- -0.39 
1.67 kHzm 
130 

1.04- 10 ll Nm-2 
32* 10- 12 CN~i 
12.6 * 10- 3 m 2 Oi 
80- 10~ 12 CN-i 



Nr. !C-a2 NaNb0 3 -NaTaO, 



lb 



Nr. lC-a3 NaNb0 3 -NaSb0 3 
Nr. lC-a4 KNb0 3 -KTaO 3 



4 

5a 
9a 

la 

1 

5a 



Phase diagram: Fig. 418. 
Lat tice parameters: Fig. 419. 



Thermal expansion: Fig. 420. 



Dielectric constant: Fig. 421. 
Birefringence : Fig. 422. 



Curie temperature: Fig. 423. 
Phase diagram: Fig. 424, 425. 



Dielectric properties : Fig. 426 427 
6> f : see Tab. 61. 



Thermal properties: Fig. 428; Tab. 61. 



See !C-a5 for optical properties of KfTa^Nbo.JO, (KTN). 



Tab 61 K(Nb 1 _ a; Ta I )0 3 . L: latent heat, 9 t : Curie 
point, A : constant in the formula for free energy = 
A (T - <9 p )P* + Pcalc: p s calculated for T ~ 9 f 
[59H1] 



X 


L 

cal mol -1 


Or 

°K 


A 

10 5 °K" 1 


Pcalc 
10- 2 C m- 2 


0 

0.06 
0.12 
0.18 


110 ± 10 
46 ± 4 
10 ± 2 
4.0 ± 2 


679 
656 
623 
591 


2.6 
2.7 
2.85 
3.05 


27 

17.7 
7.9 
5.1 



Nr. lC-a5 K(Ta a . M Nb 0 . e5 )O 1 (KTN) 

For general properties of KNbO a -KTa0 3 see lC-a4. 

9b I Electroreflectance: Fig. 429. 
d | Faraday rotation: Fig. 430. See also Tab. 44. 

Phase diagram: Fig. 431, 432, 433. 
Lattice parameters : Fig. 434. 

Dielectric constant: Fig. 435, 436. 

Spontaneous polarization : Fig. 437. 



Nr. !C-a6 CaTi0 3 -SrTi0 3 



lb 



5a 
c 



Nr. lC-a7 CaTiO,-BaTi0 3 



lb 

~5a~ 



6b 
7a 



Phase diagram: Fig. 438, 439, 440. 
Lattice parameters: Fig. 441. 



Dielectric constant: Fig. 442, 443. 



Thermal conductivity : Fig. 444 



Estimated values. 



Electromechanical property: Tab. 62. See Fig. 183 and Tab. 40. 
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Figures p. 295 ff. 



Tab. 62. (Ba 1 _ x Ca x )Ti0 3 (ceramics, pure BaTiO s base). d 3l and at RT. [57B4] 



X 


Q 

10 3 kg m~ 3 


9x 

10 s kg m" 3 


^31 

lO-^CN- 1 


^33 

lO-^CN" 1 


— <*ssA*3i 


Porosity 

(i - (e/ex)) 


0 

0.05 
0-07 
0.09 
0.12 


5.85 
5.70 
5-68 
5.65 
5.55 


6.017 

5.85 

5.80 

5.74 

5-66 


-97.5 
-66.6 
-58.0 
-52.1 
-43.4 


229 
167 
150 
139 
124.5 


2.35 
2.51 
2.58 
2.67 
2.88 


0.028 
0-026 
0.021 
0.016 
0.019 



Nr. !C-a8 CaTi0 3 -PbTi0 3 



Nr. lC-a9 SrTi0 3 -BaTi0 3 



lb 



lb 



5a 



6a 



10b 



Curie temperature: Fig. 445. 
Lattice parameter: Fig. 446. 



Phase diagram: Fig. 447 ••• 450. 

Lattice parameter: Fig. 451; see Fig. 448. 



Dielectric constant : Fig. 452. 
Microwave dielectric loss: Tab. 63. 



Specific heat: Fig. 453. 



Conductivity associated with doping: Fig. 454, 455, 456. 
Tab. 63. (Ba^SrJTiO,, Dielectric loss: a, p. y at 20 GHz. [62R4]. (T - 0 p ) tan <5 - a + [i T -fy T\ 



Sample 



Heat treatment 



Grain 
size 


% 

°K 


a 

°K 


jff-10 4 


y-10 6 

(•k)-i 


1 


37 


0.33 


7.7 


4-3 


3 


37 


0.26 


5.5 


4.7 


15 


37 


0.17 


4.4 


4.2 


30 


37 


0.08 


4.5 


3.7 


30 


105 


0.6 


9 


2.5 


30 


218 


2.0 


(9) a) 


(2.5) 


8 


280 


2.2 


(9) 


(2.5) 


8 


324 


1.6 


(9) 


(2.5) 


00 


37 


0 


6.53 


2.54 


00 


37 


0.033 


(6.53) 


(2.54) 


00 


1 37 


0.043 


(6.53) 


(2.54) 



Polycristalline 



Single crystal 



SrTiO. 



Bao. 2 Sr 0>8 TiO 3 
Bao. 5 Sr 0 . 5 Ti0 3 
Bao. 7 Sr 0t3 Ti0 3 
Bag. 8 Sr 0 . 2 TiO 3 

SrTi0 3 

SrTiO 3 +0.1% Gd 3 + 
SrTiO 3 + 0.03% Fe 3 + 



Hot pressed and fired in 

air at 900 °C for 10 h 
Refired at 1200 °C in air 

for 10 h 
Refired at 1400 °C in air 

for 10 h 
Refired at 1500 °C in 0 2 

for 6h 
Hot pressed and fired in 

0 2 at 1500 °C for 10 h 
Hot pressed and fired in 

0 2 at 1500 °C for 10 h 
Ceramic fired to 1375 °C 

in air for 1 h 
Ceramic fired to 1300 °C 

in air for 1 h 

None 
None 
None 



Nr. lC-alO SrTi0 3 -PbTi0 3 



lb 



Nr. lC-all BaTi0 3 -PbTi0 3 



5a 
6a 

lb 



Curie temperature : Fig. 457. 
Lattice parameter: Fig. 458. 



Dielectric constant: Fig. 459. 
Curie constant : Fig. 460. 



_5a_ 
6a 



16 



Transition heat: Fig. 461. 



Phase diagram : Fig. 462. 
Lattice parameter: Fig. 463. 



Dielectric constant : Fig. 464. 



Specific heat: Fig. 465. 
Transition heat: Fig. 466. 



Electromechanical properties: see 1A-8. 



Radiation damage: Fig. 467. 



a ) Values in parentheses indicate that these values were assumed in order to determine a. 
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Nr. !C-al2 CaZrO,-BaZrO, 



Nr. !C-al3 CaZr0 3 -PbZr0 3 



Nr. lC-al4 SrZrO a -PbZrO, 



lb | Lattice parameter: Fig. 468. 
Phase diagram : Fig. 469. 



lb 
4 



5a 
lb 



Thermal expansion : Fig. 470. 



5a 
c 
6a 



Dielectric constant: Fig. 471. 

Phase diagram : Fig. 472, 473. 
Lattice parameter: Fig. 474. 



Thermal expansion : Fig. 475, 476, 477 ; Tab. 64. 



Dielectric constant: Fig. 478, 479. 
Polarization: Fig. 480. 



Specific heat: Fig. 481. 
Transition heat: Tab. 65. 



Tab. 64. PbZr0 3 , (Pb 0 . 95 Sr 0 . 05 )ZrO 3 , and (Pb 0 . 925 Ba 0 . 0W )ZrO 3 . A V/V. A V: anomalous volume change at 

the transition point. [54S2] 



Composition 


AV/V [10-<] 


Lowest phase 


Intermediate phase 


PbZr0 3 


-41 at 230 °C 




(Pb 0 . 9a5 Ba Oi075 )ZrO 3 


-43 at 150 °C 


4-24 at 190 °C 


(Pbo.osSro.osJZrOj 


-30 at 210 °C 


-20 at 230 °C 



Tab. 65. PbZr0 3 , (Fb,. M Sr 0 . w )ZrO 3 , and (Pb 0 . 925 Ba 0 . 075 )ZrO 3 . Jg m . [52S2] 



Composition 



PbZr0 3 

(Pb 0 . 9 25Ba 0 . 075 )ZrO 3 
(Pb 0 . 95 Sr 0 . 05 )ZrO 3 



AQ m [cal mol-i] 
Lower transition | Upper transition 



190 
180 



440 

230 
230 



Nr. lC-al5 BaZr0 3 -PbZr0 3 



lb 



5a 

c 



Nr. lC-al6 CaHf0 3 -PbHf0 3 

Nr. lC-al7 SrHf0 3 -PbHf0 3 

Nr. lC-al8 BaHf0 3 -PbHf0 3 
Nr. lC-a!9 CaSn0 3 -SrSn0 3 
Nr. lC-a20 BaSn0 3 -SrSn0 3 



Nr.lC-a21 BaSnO r PbO : Sn0 2 



Nr. lC-a22 CaTi0 3 -CaZr0 3 



8 

lb 



Phase diagram: Fig. 482. 
Lattice parameter: Fig. 483. 



Thermal expansion : Fig. 484. 



Dielectric constant: Fig. 485 488. 
Coercive field : Fig. 489. 



5a 

lb 

5a 



Elastic properties : Fig. 490. 
Phase diagram: Fig. 491. 



Dielectric constant: Fig. 492. 
Phase diagram: Fig. 493. 



Dielectric constant: Fig. 494. 
lb | Phase diagram: Fig. 495. 
lb | Lattice parameter: Fig. 496. 
lb | Lattice parameter: see Fig. 496. 



lb 



5a 



Phase diagram: Fig. 497. 



Dielectric constant: Fig. 498. 



lb | Lattice parameter: Fig. 499. 



76 



Ikeda 



II 1 Perovskite-type oxides 



Figures p. 306 ff. 



Nr. !C-a23 BaTi0 3 -BaZrO 3 



Nr. !C-a24 BaTi0 3 -BaH£0 3 



Nr. lC-a25 BaTi0 3 -BaSn0 3 



Nr. lC-a26 BaTi0 3 -BaU0 3 



Nr. lC-a27 PbTi0 3 -PbZr0 3 

Pb(Zr z Ti 1 _ x )0 3 with x = 0.5 
electric materials, see 10a28. 



lb 


Phase diagram: Fig. 500. 
Lattice parameter: Fig. 501. 




2a 


Phase diagram: Fig. 502. 




5a 


Dielectric constant: Fig. 503. 




8a 


Elastic property: Fig. 504 




lb 


Phase diagram: Fig. 505. 

T norampfpr' pi or S06 

i_>arncc pdJciiiicLci . j. ig. 




5a 


^,1 r-i/- ^nncfanl" S07 

i Meiecunc coubLctnc. i i^. 




lb 


Phase diagram: Fig. 508. See also 


5912 


2a 


Phase diagram: Fig. 509. 




4 


Thermal expansion: Fig. 510. 




5a 


Dielectric constant: Fig. 511. 




lb | 


Lattice parameter: Fig. 512. 1 



0.6; for electromechanical properties of these very important piezo- 



la 
b 



Ferro- and antiferroelectric phase transitions in the PbTi0 3 -PbZr0 3 system were 
revealed in 1952 by Shirane, Suzuki and Takeda. 
Phase diagram at high temperature: Fig. 513. 
Phase diagram: Fig. 514, 515. 

Lattice parameter: Fig. 516, 517. __ 



Flux method : 



5a 

c 



16 



Lattice distortion: Fig. 518a, b, 519. 
Thermal expansion: Fig. 520, 521, 522. 

Dielectric constant: Fig. 523 ••• 526. 
Spontaneous polarization: Fig. 527. 
Critical field: Fig. 528. 



52S6, 52S4, 
52S3 



621 7, 64F6, 
67F7 



Specific heat : Fig. 529, 530. 
Transition energy. Tab. 66. 



Electromechanical properties: see !C-a28. 



Birefringence: Fig. 531a, b, c . 
Radiation damage : Fig. 532. 



Tab. 66. Pb(Zr-Ti)0 3 . Transition energy and entropy [5JS/]. x -atomic per 
cent of PbTi0 3 ; d©/d *: shift of the transition temperature with x, dS(de/d^) . 
it may be assumed that the free energy should decrease with the rate of dS(d@/d*) 

with increasing x. 



Kind of the 
phase change 


& 
°C 


cal mol -1 


cal mol" 1 °K" 1 


d&jdx 


dS(d@/d*) 


A a A /? 

Ayj-Pa 

A« ->F a 
F a -P a 
A^-F a 


230 >T > 225 
225 
230 
240 
217 


400 
110 

290 

250 
40 


0.8 

0.22 

0.58 

0.51 
0.08 


-16 
- 4 
-19 

+ i-o 


(-5.8) 
-3.5 
-2.3 

+ 0.5 
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Nr. lC-a28 PbCZr^Ti^JOg (x = 0.5 0,6, lead zirconate-titanate) 

For general properties of PbTi0 3 -PbZrO 3 see !C-a27. 



la 



5a 



3 



10 



Jaffe, Roth, and Marzullo discovered the excellent piezoelectric performances of 
Pb(Zr-Ti)O s ceramics in 1954. PZT is the trade mark of this substance developed 
by Clevite Corporation, Cleveland, Ohio, USA. 



Dielectric constants: Fig. 533 and Fig. 539, 540, 541, 543, 544. 



Electromechanical properties (ceramics) : Tab. 67 * Fi? 534 
Fig. 539 ••• 542; Tab. 73 ; Fig. 543 • - • 554. 



538; Tab. 68-- - 72; 



Electrical conductivity: see 
For breakdown, see 



54J1 



6BG1, 61S14 
59G2 



Tab. 67. Pb(Ti 1 _ x Zr I )O s \x = 0.48 ••• 0.60] (ceramics). Electromechanical constants at RT. [60B3] 



48/52 
50/50 
52/48 
54/46 
56/44 
58/42 
60/40 



Zr/Ti 
atom 
ratio 


^31 






^33 


*S 




^33 


*i 

obs 


*33 

calc 








48/52 
50/50 
52/48 
54/46 
56/44 
58/42 
60/40 


0.170 
0.230 
0.313 
0.280 
0.267 
0.254 
0.238 


0.289 
0.397 
0.529 
0.470 
0.450 
0.428 
0.400 


0.408 
0.504 
0.694 
0.701 
0.657 
0.646 
0.625 


0.435 
0.546 
0.670 
0.626 
0.619 
0.607 
0.585 


663 
855 
1180 
990 
840 
751 
672 


551 
631 
612 
504 
477 
437 
410 


666 
846 
730 
450 
423 
397 
376 


540 
585 
399 
253 
246 
243 
240 


537 
585 
389 
268 
258 
246 
245 










s E 




^33 


cD 
*33 


s E 


S D 






5 12 


,B 




Den- 
sity 

Q 




10-"m*N- 1 


10 s 

kgm -3 


48/52 
50/50 
52/48 
54/46 
56/44 
58/42 
60/40 


10.8 
12.4 
13.8 
11.6 
11.0 
10.5 
10.4 


10.5 
11.7 
12.4 
10.7 
10.2 
9.85 
9.75 


10.9 
13.3 
17.1 
14.8 
14.0 
12.8 
12.05 


8.83 

9.35 

9.35 

9.0 

8.65 

8.10 

7.92 


28.3 
32.8 
48.2 
45.0 
39.8 
37.7 
36.9 


23.6 
24.5 
25.0 
22.9 
22.6 
21.9 
22.5 


28.3 
32.9 
38.4 
29.9 
28.4 
27.1 
26.7 


-3.35 
-4.06 
-4.07 
-3.33 
-3.22 
-3.07 
-2.96 


-3.66 
-4.72 
-5.38 
-4.24 
-4.01 
-3.75 
-3.55 


-3.21 
-4.22 
-5.80 
-4.97 
-4.63 
-4.12 
-3.72 


-2.40 
-2.60 
-2.56 
-2.68 
-2.57 
-2.33 
-2.17 


7.59 
7.55 
7.55 
7.62 
7.59 
7.64 
7.60 





#31 


£33 


£15 


£33 #31 




^33 




^33 — d il 


A 33 T^ll 




lO-'m 2 ^ 1 




10~ 12 CN- 


1 


10- 12 


48/52 
50/50 
52/48 
54/46 
56/44 
58/42 
60/40 


- 7.3 

- 9.35 
-14.5 
-15.1 
-14.5 
-13.9 
-13.3 


18.7 
23.1 
34.5 
38.1 
37.8 
36.7 
35.2 


28.4 
33.2 
47.2 
50.3 
48.0 
48.8 
49.3 


26.0 
32.4 
49.0 
53.2 
52.3 
50.6 
48.5 


43.0 
70.0 
93.5 
60.2 
54.3 
48.9 
44.2 


110 
173 
223 
152 
142 
129 
117 


166 
251 
494 
440 

357 
325 
293 


153 
243 
316 
212 
196 
178 
161 


24.1 
26.2 
26.9 
25.1 
24.0 
22.6 
22.0 



Qmech 


Qe 

( = V 
tan 6) 


P 


C 33 


A 12 


^12 


-s E 

5 13 




10- 2 

Cm- 2 


10 10 
Nm- 2 






r 0 33->ii 


Vs&sR 


1170 


380 


17 


14.0 


0.310 


0.349 


0.296 


0.250 


950 


370 


27 


13.5 


0.328 


0.404 


0.329 


0.249 


860 


360 


36 


13.4 


0.295 


0.434 


0.376 


0.238 


680 


300 


42.5 


14.8 


0.288 


0.396 


0.380 


0.273 


490 


190 


48 


15.3 


0.293 


0.394 


0.373 


0.274 


500 


200 


43 


15.8 


0.292 


0.381 


0.355 


0.261 


600 


210 


33 


15.6 


0.285 


0.365 


0.332 


0.247 
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Figures p. 313ff. 



Tab. 68. (Pb! 



v Sr x ) (Zr 1 _„Ti„)O s and (Pb^Ca,) (Zr^TyO, (modified ceramics). Effects of Ca and 
Sr on electromechanical properties. [59K4] 



Intended composition 



10 3 
kgm -3 


X 

at 
1 kHz 


24 hours after poling 


X 

at 
1 kHz 


tan o 

o/ at 
/o ai 

1 kHz 


h 

« p 


«31 

1 n— 12 

1U 

CN" 1 




{ S llf 
101° 

Nm" 1 


7 40 


736 


544 


0.5 


0.48 


71 


14.7 


7.67 


7 ^0 


707 


542 


.0.4 


0.47 


69 


14.4 


7.76 


7 49 


790 


624 


0.5 


0.49 


77 


13.9 


7.89 


7 49 


755 


584 


0.6 


0.49 


75 • 


14.5 


7.68 


7 96 


832 


973 


0.5 


0.44 


88 


10.2 


7.62 


7 47 


920 


1002 


0.4 


0.50 


101 


11.4 


7.65 


O.ou 


794 


888 


0.4 


0.32 


60 


7.6 


7.85 


7 9Q 


049 


1094 


0.3 


0.50 


103 


10.6 


7.94 


7 99 


007 


1129 


0.3 


0.49 


103 


10.3 


7.95 


7 no 

/ . yjj 


A00 


663 


0.3 


0.28 


40 


6.8 


9.91 


7 11 


R1 ^ 

O 1 -J 


880 


0.3 


0.33 


57 


7.3 


9.05 


7 1 n 


07^ 

J i 3 


1149 


0.3 


0.44 


91 


9.0 


8.32 


7 14 


1 07A 


1237 


0.4 


0.47 


100 


9.1 


8.06 


7 16 


1095 


1325 


0.6 


0.51 


119 


10.1 


7.51 


7.14 


1105 


1210 


0.4 


0.51 


116 


10.8 


7.31 


7.17 


919 


585 


0.4 


0.45 


66 


12.7 


8.39 


6.90 


1106 


1260 


0.5 


0.43 


97 


8.7 


7.68 


6.56 


941 


970 


0.6 


0.29 


56 


6.5 


8.11 


6.48 


1212 


1257 


0.5 


0.34 


86 


7.8 


7.05 


6.36 


1182 


1341 


0.8 


0.35 


91 


7.7 


6.18 


6.36 


1200 


1337 


0.8 


0.34 


86 


7.3 


6.42 


6.35 


1107 


1113 


0.7 


0.35 


81 


8.2 


6.50 



°c 



Pb(Zr 0 . w Ti o . 47 )O 3 

Pb(Zr 0 . 53 TV 47 )O 3 

Pbo.^Cao.o^Zro^Tio^^Oa 

Pbo.^Sro.o^^ro^Tio^^O, 

Pbo.wCao.oslZro.wTio^lOa 

Pbo.95Sr 0 .05( Zr 0.6S Ti 0.47)03 

Pb 0 .92 Caoo 8 (Zr 0>53 Ti 0 . 47 )0 3 

Pbo.92sSr 0 .075( Zr O.M Ti 0.47) 0 3 

Pb 0 .9oSr 0 . 10 (Zro.53 T io.47)0 3 

Pb 0 .875 Sr Oa25( Zr 0.47Tio.M)0 3 
Pb 0 .875 Sr O.125( Zr 0^0 Ti O.5o) C> 3 
Pb 0 .87sSr 0 .125( Zr 0 .52^^ .4 b) 
Pb 0 .875 Sr 0.12$( Zr 0.SS T io.«7)°3 
Pbo.875 ^ r 0 .12&( Zr 0.&4Tio .4s) C>3 
Pbo.875Sr 0 . 1 25( Zr 0.66 Ti 0.44)0 3 
Pb 0 .875 Sr 0 .125 ( Zf 0 .59 Ti O 

Pbo.ssSro.ul^o.saTio^^Os 
Pb 0 .so Sr 0 .20 ( Zr o .50 Ti o .so) °3 
Pbo.8oSr 0 .2o( Zr o.53Tio.47)03 
Pbo.8oSr 0 . 2 o( z ro. 54 Tio.«)0 3 

Pb 0 .8O Sr O.20( Zr 0.55 Ti O.45)°3 

Pb 0 .8oSro.2o( Zr o.5« Ti o.44)0 3 



385 



360 



290 



265 



242 



I Tab 69 Pb(Zr-Ti)0 3 (ceramics, modified). Electromechanical properties of Pb(Zr 0 54 Tio „)0 3 with 
five-valent additives. [59K5\ / K • r : radial frequency constant 







Before poling 


24 hours after poling 


Addition 
wt. % 


Qa. 
10 3 
kgm~ 3 


X 

at 
1 kHz 


tan 6 
%at 
1 kHz 


X 

at 
1 kHz 


tan 6 
%at 
1 kHz 


ftp 


Hz-m 


10- 12 

CN- 1 


Qmech 



St 

°c 



None 
None 
0.1 Nb 2 0 5 
0.5 Nb 2 0 5 
0.8 Nb 2 O s 
1.0 Nb 2 0 3 
1.0 Nb 2 0 6 
1.2Nb 2 0 6 
1.4Nb 2 O s 
1.7 Nb 2 0 5 
2.0 Nb 2 O s 
0.5 Nb 2 0 5 
0.5 La 2 0 3 
1.0 Ta,O s 
1.0Ta 2 CX 
2.0 Ta 2 (> 



2.0 Ta 2 O s 
2.5 Ta 2 O fi 
5 0 Ta 2 0 6 



7.41 

7.29 
7.26 
6.96 
7.36 
7.36 
7.60 
7.34 
7.37 
7.39 
7.37 

7.39 

7.31 
7.22 
7.49 
7.40 
7.23 
6.75 



707 
706 
598 
732 
965 
1064 
1055 
1011 
1057 
1058 
1074 

1169 

989 
918 
1062 
1077 
959 
995 



0.3 
0.4 
0.3 
2.1 
1.6 
1.8 
2.2 
2.0 
2.2 
2.0 
2.1 

2.1 

1.5 
2.0 
2.2 
1.8 
2.7 
2.5 



537 
513 
508 
790 
1166 
1308 
1242 
1167 
1218 
1218 
1202 

1377 

1187 
1121 
1230 
1275 
1112 
1052 



Ikeda 



0.4 
0.5 
0.4 
2.0 
1.5 
1.6 
2.2 
1.7 
1.9 
1.8 
2.0 

2.0 

1.5 
2.1 
2.1 
1.8 
2.4 
2.6 



0.49 
0.50 
0.38 
0.46 
0.48 
0.53 
0.54 
0.48 
0.50 
0.47 
0.50 

0.57 

0.49 
0.50 
0.50 
0.48 
0.36 
0.33 



1641 
1687 
1643 
1443 
1606 
1563 
1538 
1614 
1584 
1594 
1550 

1491 

1563 
1525 
1547 
1581 
1518 
1508 



71 
69 
54 
94 
105 
126 
125 
104 
113 
105 
115 

146 

111 
114 
115 
111 

82 
76 



61 

70 
69 



48 
61 

28 



390 
387 



361 

344 

369 

368 
364 



79 




Figuren S. 313 ff. 



II 1 Oxide des Perowskit-Typs 



Tab. 70. Pb(Zr-Ti)0 3 (ceramics, modified). 



three-valent addles. {s^ST^t^^Z^^^ 0 ' ^ 



Addition 
wt. % 



None 
None 
1.0 Y 2 0 3 
1.0 La 2 0 3 
1.0 La 2 0 3 
1.0Nd 2 O 3 
1.0Nd 2 O 3 
1.0 didymia 
2.0 La 2 0 3 
1.0La 2 O 3 
1.0Nd 2 O 3 
0.1 La 2 0 3 
0.2 La 2 O s 
0.4 La 2 0 3 
0.8 La 2 0, 



0a 
10 3 
kgm -3 

7.41 
7.29 
7.26 
7.46 
7.47 
7.43 
7.37 
7.41 
7.49 
7.20 
7.35 
6.75 
6.45 
6.44 
7.19 
7.50 



Before poling 



x 
at 
1 kHz 

707 
706 
796 
1187 
1139 
1111 
1101 
1122 
1296 
1375 
1362 
790 
686 
942 
1288 
1255 



tan 6 
%at 
1 kHz 

0.3 
0.4 
0.9 
1.9 
2.2 
1.6 
1.9 
2.2 
2.6 
2.1 
2.2 
0.4 
0.7 
1.4 
1.8 
2.4 



x 
at 
1 kHz 

537 
513 
841 
1483 
1387 
1395 
1354 
1341 
1545 
1792 
1776 
870 
735 
1100 
1682 
1532 



24 hours after poling 



tan <5 
%at 
1 kHz 

0.4 
0.5 
1.0 
2.0 
2.1 
1.8 
1.8 
2.2 
2.3 
1.7 
1.9 
0.6 
0.9 
1.5 
1.8 
2.4 



h 






Hz-m 


0.49 


1641 


0.50 


1687 


0.34 


1547 


0.53 


1510 


0.52 


1522 


0.49 


1512 


0.48 


1511 


0.50 


1499 


0.51 


1545 


0.51 


1528 


0.49 


1558 


0.42 


1505 


0.37 


1419 


0.42 


1407 


0.49 


1516 


0.50 


1550 



d 21 
10-^ 

CN-i 

71 

69 

66 
138 
130 
123 
119 
125 
132 
147 
136 

88 

78 
109 
139 
128 



390 
387 
374 

339 

348 



Tab. 71. Electromechanical prop* srties of PbfZr, Ti )0 3 (ceramics), modified with additives of 1 wto /o Nb 

\p9K5\. / R • r: radial frequency constant 



Base composition 



10 3 

kgm~ 3 


Before poling 




X 

at 
1 kHz 


tan d 
%at 
1 kHz 


X 

at 
1 kHz 


7.38 


879 


1.5 


1041 


7.31 


975 


1.6 


1188 


7.39 


985 


1.5 


1200 


7.43 


1092 


1.8 


1371 


7.44 


1051 


1.8 


1296 


7.40 


955 


2.4 


973 


7.38 


818 


2.8 


745 


7.41 


750 


3.0 


684 


7.41 


713 


3.0 


630 



24 hours after poling 



tan 6 
%at 
1 kHz 





fn-r 
Hz-m 


^31 

IO-12 
CN-i 


Smech 


0.42 


1696 


82 


81 


0.45 


1642 


97 


73 


0.45 


1640 


97 


76 


0.53 


1547 


130 


61 


0.54 


1549 


128 


62 


0.56 


1524 


117 


55 


0.53 


1601 


93 


56 


0.50 


1636 


82 


60 


0.49 


1676 


75 1 


62 



Pb(Zro. M Ti 0 . 5<) )0 3 

Pb(Zr 0 . 52 Ti 048 )O 3 
PbtZro.s.Ti^O, 
PbtZro^Tio^JO, 
Pb(Zr,,. 55 Ti 0 . 15 )O3 
Pb(Zr 0 56 Ti 0M )O 3 
PbfZr.^Ti,, ,3)03 
Pb(Zr 0 58 Ti 0 42 )O :> 



1.2 
1.3 
1.4 
1.4 
1.7 
2.0 
2.5 
2.5 
2.8 



Tab. 72. Electromechanical properties of (Pb 0 Sr ) (Zr 0 . M Ti 0 ,,)O 3 (ceramics) with Nb 2 O s or Ta a O, 

L-^iOJ. f K - r: radial frequency constant 5 



1 Addition 
wt. % 


Ca 
10 3 
kgm~ 3 


Before poling 


24 hours after poling 




X 

at 
1 kHz 


tan <5 
%at 
1 kHz 


X 

at 
1 kHz 


tan 6 
%at 
1 kHz 




Hz • m 


10- 12 

CN" 1 


S{ 

°C 


1.0Nb 2 O 5 
2.0 Nb 2 O s 
3.0 Nb 2 O s 
2.0 Ta„0 5 


7.34 

7.22 
6.63 
7.33 


1291 
1380 
1125 
1343 


2.0 
2.4 
2.1 

2.3 


1609 
1662 
1301 
1695 


2.0 
2.1 
2.1 
2.0 


0.56 
0.47 
0.36 
0.54 


1512 
1562 
1550 
1517 


153 
127 
91 
151 


306 
296 
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Figures p. 315 ff. 



•ith 



.90 
187 
J74 

339 

348 



y o Nb. 



Qmech 
81 

73 
76 
61 
62 
55 
56 
60 
62 
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Figuren S. 316 ff. 



II 1 Oxide des Perowskit-Typs 



Nr. lC-a29 PbTi0 3 -PbHf0 3 
Nr. lC-a30 PbTi0 3 -PbO:Sn0 2 

Nr. lC-a31 PbZrO 3 -PbHf0 3 
Nr. !C-a32 PbZr0 3 -PbO : Sn0 2 



Nr. !C-a33 LaFe0 3 -BiFe0 3 



Nr. lC-bl NaNb0 3 -KTa0 3 



Nr. lC-b2 NaNb0 3 -KSb0 3 



Nr. !C-b3 BaTi0 3 -PbZr0 3 



Nr. lCb4 BaTi0 3 -PbO: SnQ 2 



Nr. lC-b5 PbTi0 3 -CaZr0 3 



Nr. !C-b6 PbTi0 3 -CaSn0 3 



Nr. !C-b7 PbTi0 3 -SrZrO a 



Nr. lC-b8 PbTi0 3 -SrSnO s 



Nr. !C-b9 PbTi0 3 -BaZrO 3 



lb | Phase diagram : Fig. 555, 556 



lb | Phase diagram : Fig. 557. 



5a J Dielectric constant : Fig. 558. 
lb | Phase diagram : Fig. 559. 



lb 



4 

5a 

lb 



Phase diagram : Fig. 560. 
Lattice parameter: Fig. 561. 



Thermal expansion : Fig. 562, 563. 



5a 



11 



lb 



Dielectric constant : Fig. 564a, b. 



Phase diagram: Fig. 565. 
Lattice parameter: Fig. 566a, b. 



Dielectric constant: Fig. 567. 



4 

5a 



Magnetization; see Fig. 565. 



Phase diagram : Fig. 568. 
Lattice parameter: Fig. 569. 



Thermal expansion: Fig. 570. 



Dielectric constant: Fig. 571. 



la | Curie temperature: see Fig. 423. 



Thermal expansion: Fig. 572. 



5a 



lb 



5a 



lb 



Dielectric constant: Fig. 573. 



Phase diagram : Fig. 574. 



5a 



lb 



Dielectric constant: Fig. 575. 



Phase diagram : Fig. 576. 
Lattice parameter: Fig. 577. 



5a 

lb 

~5a~ 

lb 



Dielectric constant: Fig. 578. 



Phase diagram: see Fig. 576. 
Lattice parameter : Fig. 579. 



Dielectric constant; Fig. 580. 



Phase diagram: Fig. 581. 
Lattice parameter : Fig. 582a, b. 



5a 



lb 



Dielectric constant: Fig. 583. 



Phase diagram : Fig. 584. 
Lattice parameter: Fig. 585a, b. 



5a 
7a 



Dielectric constant : Fig. 586. 

Phase diagram : Fig. 587. 
Lattice parameter: Fig. 588a, b. 



Dielectric constant; Fig. 589. 



Electromechanical property: Tab. 74. 
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Figures p. 323 ff. 



Tab. 74. (1 - *)PbTi0 3 - *BaZrQ 3 (ceramics). A p and rf 33 at RT. 



Nr. 1C-M0 PbTi0 3 -BaSn0 3 
Nr. IC-bll LaAI0 3 -BiFe0 3 

Nr. !C-bl2 LaCrO 3 -BiFe0 3 



Nr. lC-cl NaNb0 3 -CaTi0 3 



Nr. 1C-c2 NaNb0 3 -BaTi0 3 
Nr. 1C-c3 NaNb0 3 -PbTi0 3 



Nr. 1C-c5 KNb0 3 -BaTi0 3 



Nr. !C-c7 SrTi0 3 -BiFe0 3 



Nr. 1C-c8 BaTi0 3 -LaA10 3 





PoliriP" fiplH 






X 


• 10 5 Vm- 1 








[T in °C] 


p 


• 10- 12 CN-i 


0.25 


29 


0.16 


40 


0.30 


[185 -- 40] 




27 


0.23 


50 


0.35 


[170*-- 40] 




39 


0.30 


110 


0.40 


[145---40] 




30 


0.17 


45 




[120---40] 





[63B15] 



lb I Phase diagram: Fig. 590. 

| Lattice parameter; Fig. 591a, b. 



lb 

5a 

lb 



Phase diagram : Fig. 592. 
Lattice parameter : Fig. 593. 



Dielectric constant : Fig. 594. 



4 
11 

lb 



Phase diagram : Fig. 595. 
Lattice parameter: Fig. 596a, b. 



Thermal expansion : Fig. 597. 



Spontaneous magnetization: see Fig. 595. 
Phase diagram : Fig. 598. 



5a Dielectric constant : Fig. 599. 
lb | Phase diagram: Fig. 600. 

Transition temperature : Fig. 601. 



lb 

5a 



Nr. !C-c4 NaNb0 3 -PbZr0 3 lb 



5a 

lb 

~5a~ 



Dielectric constant: Fig. 602. 
Phase diagram : Fig. 603. 



Dielectric constant: Fig. 604a, b. 



Phase diagram : Fig. 605. 
Lattice parameter: Fig. 606. 



Nr. 1C. C 6 KNb0 3 -PbTi0 3 lb 



5a 
lb 



Dielectric constant: Fig. 607a, b, 



Phase diagram : Fig. 608. 
Lattice parameter: Fig. 609. 



5a 



Dielectric constant: Fig. 610a, b. 



Phase diagram: Fig. 611. 
Lattice parameter: Fig. 612. 



Relaxation phenomena are observed in the range II [65F1]. 



lb | Lattice parameter and Curie temperature: Tab. 75. 
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Figuren S. 328 fT. 



II 1 Oxide des Perowskit-Typs 



Tab. 75. BaTi0 3 -LaA10 3 . Lattice parameters and 6> f . [5814] 



Concentration 
mol% 



BaTiO a LaA10 3 



1.0 
2.5 
5.0 
7.5 
10.0 
12.5 
15.0 
25.0 
100.0 



100.0 
99.0 
97.5 
95.0 
92.5 
90.0 
87.5 
85.0 
75.0 



Nr. lC-c9 BaTi0 3 -BiFe0 3 



Nr. lC-clO PbTi0 3 -LaA10, 



Nr. lC-cll PbTi0 3 -LaMn0 3 



Nr. 1C-c12 PbTi0 3 -LaFe0 3 



Nr. !C-cl3 PbTi0 3 -BiFe0 3 



Nr. lC-cl4 PbZr0 3 -BiFe0 3 

Nr. 1C-c15 SrSn0 3 -BiFe0 3 

Nr. 1C-c16 SrFe0 3 -BiFe0 3 

Nr. lC-dl SrTi0 3 -Sr(Fe l/2 Ta l/2 )0 3 
Nr. lC-d2 BaTi0 3 -Ba(Fe l/2 Ta l/2 )0 3 
Nr. lC-d3 BaTi0 3 -(K l/2 Bi l/2 )Ti0 3 

Nr. lC-d4 PbTiO r (Na l/2 Bi l/2 )Ti0 3 

Nr. lC-d5 PbTi0 3 -(K l/2 Bi l/2 )Ti0 3 
Nr. lC-d6 PbTi0 3 -(Li l/2 La l/2 )Ti0 3 



a 

A 



C 

A 



3.9956 
3.9951 
3.9949 
4.0050 
4.0011 
3.9984 
3.9950 
3.9906 
3.9800 
3.7950 



4.0352 
4.0345 
4.0293 



cja 



1.0100 
1.0098. 
1.0086 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.000 



V 

A* 



64.42 
64.39 
64.30 
64.24 
64.05 
63.92 
63.76 
63.55 
63.04 
54.65 



+ 120 
-h 87 
+ 46 

- 14 

- 85 
-133 



11, I Neel temperature and magnetic resonance line width- 
12 I Fig. 613. 



lb 



Phase diagram: Fig. 614. 
Lattice parameter: Fig. 615. 



5a Dielectric constant: Fig. 616. 

lb I Transition temperatures: Fig. 617. 
I Lattice parameters: Fig. 618. 



lb 



Phase diagram: Fig. 619. 
Lattice parameter: Fig. 620. 



5a Dielectric constant: Fig. 621. 



lb 



4 

5a 

lb 



Phase diagram: Fig. 622a, b. 
Lattice parameter : Fig. 623a, b. 



Thermal expansion : Fig. 624. 



Dielectric constant : Fig. 625. 

Phase diagram : Fig. 626. 
Lattice parameter: Fig. 627. 



5a Dielectric constant: Fig. 628. 
Jb | Phase diagram : Fig. 629. 



12c I Mossbauer absorption : Fig. 630. 
la Unit cell volume : Fig. 63 1 . 



1 1 Magnetization : Fig. 632. 

lb | Phase diagram: Fig. 633. 

2b | Phase diagram : Fig. 634. 

lb I Curie temperature: Fig. 635. 

I Lattice parameters: Fig. 636. 

lb I Phase diagram and lattice parameters: F ig. 637. 

5a | Dielectric constant: Fig. 638. 

lb | Curie temperature and lattice parameters: Fig. 639. 

lb | Curie temperature and lattice parameters: Fig. 640. 
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Ikeda/Nomura 



II 1 Perovskite-type oxides 



Figures p. 333 ff. 



Nr. lC-d7 PbTiOa-fNa^La^yriOa 
Nr. lC-d8 PbTi0 3 -(Li l/2 Ce l/2 )Ti0 3 
Nr. lC-d9 PbTi0 3 -(Li l/2 Nd l/2 )Ti0 3 
Nr. lC-dlO PbTi0 3 -Pb(Mg l/2 W l/2 )0 3 

Nr. lC-dll PbTi0 3 -Pb(Fc l/2 T ai/j! )0 3 
Nr. lC-dl2 PbTi0 3 -Pb(Sc l/2 Nb l/2 )0 3 
Nr. lC-dl3 PbTiOa-PKMn^Nb^Oj 

Nr. lC-dl4 PbZr0 3 -Pb(Sc l/2 Nb l/2 )0 3 
Nr. lC-dl5 PbZr0 3 -Pb(Fe l/2 Ta l/2 )0 3 
Nr. lC-dl6 PbZr0 3 -(Na l/2 Bi l/2 )Zr0 3 

Nr. !C-dl7 PbZr0 3 -(K l/2 Bi l/2 )Zr0 3 



lb | Curie temperature and lattice parameters: Fig. 641. 

lb | Lattice parameters: Fig. 642. 

lb | Lattice parameters: Fig. 643. 

lb I Phase diagram: Fig. 644. 

I Lattice parameters: Fig. 645. 

lb | Curie temperature: Fig. 646. 

lb | Curie temperature: Fig. 647. 

lb I Transition temperature: Fig. 648. 

I Lattice parameters : Fig. 649. 

lb | Curie temperature: see Fig. 647. 

lb | Curie temperature: Fig. 650. 

1 b Phase diagram : Fig. 651. 



Lattice distortion : Fig. 652. 



5a Dielectric constant: Fig. 653. 

lb Phase diagram: Fig. 654. 

Lattice parameters: Tab. 76. 



5a 



Lattice distortion : Fig. 655. 



Dielectric constants: Fig. 656. 



Tab. 76. (1 - *)PbZrO s - *(K l/2 Bi l/2 )ZrO s . Lattice 
constants at RT [62B10] 





a 


b 


c 




X 


A 


A 


A 




0 


5.884 


11.768 


8.220 


orthorhombic 


0,10 


5.882 


11.764 


8.227 


orthorhombic 


0.20 


5.877 


11.755 


8.237 


orthorhombic 


0.30 


5.876 


11.751 


8.248 


orthorhombic 


0.40 


4.151 






cubic 


0.50 


4,152 






cubic 



Nr. lC-dl8 PbHf0 3 -Pb(Sc l/2 Nb l/2 )0 3 

Nt. lC-dl9 Pb(Mg l/2 W l/2 )0 3 -Pb(Mg l/3 Nb 2/3 )0 3 

Nr. lC-d20 (Na l/2 Bi l/2 )Ti0 3 -(K l/2 Bi l/2 )TiO s 

Nr. lC-d21 PbZr0 3 -(Na l/2 Bi l/2 )Ti0 3 

Nr. lC-d22 BiFe0 3 -Sr(Sn l/3 Mn 2/3 )0 3 

Nr. lC-d23 BiFe0 3 -Pb(Fe l/2 Nb l/2 )0 3 



lb | Curie temperature: see Fig. 647. 

lb | Phase diagram: Fig. 657. 

lb I Curie temperature: see Fig. 635. 

I Lattice parameters : see Fig. 636. 

lb I Phase diagram: Fig. 658. 

| Lattice parameters : Fig. 659. 



lb 



Phase diagram : Fig. 660. 
Lattice parameters: Fig. 661. 



12c Mossbauer effect : see [65M8] 
lb Lattice parameters : Fig. 662. 



5a 



11 



Dielectric constant: Fig. 663. 



Magnetic susceptibility : Fig. 664. 
N6el temperature and spontaneous magnetization: 
Fig. 665. 



Nomura 
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Figuren S. 337 ff. 



II 1 Oxide des Perowskit-Typs 



Nr. lC-el NaNbO,-LiNbO, 



Nr. lC-e2 NaNb0 3 -NaVO s 



Nr. lC-e3 NaNb0 3 -CaNb 2 0 6 



Nr. lC-e4 NaNb0 3 -CdNb 2 0. 



lb 

5a 

5a 
14b 

lb 



Phase diagram : Fig. 666. 



Dielectric constant: Fig. 667. 
Dielectric constant: Fig. 668. 



5a 



lb 



Switching: see Fig. 9. 
Phase diagram : Fig. 669. 



5a 
7a 



Dielectric constant: Fig. 670. 

Phase diagram: Fig. 671, 672. 
Lattice parameter: Fig. 673. 



Dielectric constant : F ig. 674; Tab. 77. 
Piezoelectricity: Fig. 675; Tab. 78. 



Tab. 77. (1 - *)NaNb0 3 - (*/2)CdNb 2 O fl [56L2]. r: capacitance ratio; C: Curie constant; B t 0 com- 
pare Fig. 671, 672 



Compo- 


Firing conditions 






9 

°C 




e r 

°c 




°C 




sition 

X 


r 

°C 


hr 


atmos- 
phere 




r 


^max 


C 

• 10 4 °C 


Q 

10 3 kg m-3 


0.02 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 


1250 
1250 
1250 
1250 
1250 
1250 
1220 


2 


CdO 
CdO 
CdO 
CdO 
CdO 
CdO 
CdO 


230 
500 
1000 
1400 
2300 
3500 
2700 


1200 
130 
40 
20 
10 
12 


200 
60 
75 
50 
20 
5 

-25 


2700 
4000 
4100 
8500 
10000 
15000 
11000 


375 
375 
320 
285 
250 
220 
210 


12 
12 
18 
24 
14 
20 
20 


345 
345 
275 
260 
250 
230 
205 


3.9 
4.2 
4.3 
43 
4.4 
4.5 
4.6 



Tab. 78. (1 - *)NaNb0 3 - (*/2) CdNb a O e (ceramics) [62K4] 



X 


0.05 


0.10 


0.15 


0.20 


0.25 


0.30 




9 


4.2 


4.3 


4.3 


4.3 


4.4 


4.2 


10 s kgm~ 3 


fn-2r 


3.0 


3.0 


3.0 


3.15 


3.36 


3.25 


10 3 Hz m 


s E 
s u 


11.9 


11.6 


. 11.6 


10.5 


9.0 


10.1 


10- 12 m 2 N" 1 


tan 6 


0.01 


0.01 


0.02 


0.01 


0.01 


0.03 




x at 6> f 


4 


4.1 


8.5 


16 


13 


11 


10 3 



Nr. lC-e5 NaNb0 3 -SrNb 2 0 6 



lb 



5a 



Nr. lC-e6 NaNb0 3 -PbNb 2 0 6 

Nr. lC-e7 CdTi0 3 -LiNb0 3 , CdTi0 3 -LiTa0 3 
Nr. lC-e8 SrTi0 3 -Bi 2 0 3 • 3Ti0 2 



7a 
lb 



Phase diagram : Fig. 676. 
Lattice parameter: Fig. 677. 



7a 



Dielectric constant : Fig. 678. 
Electromechanical properties: Fig. 679, 680, 681. 

Phase diagram : Fig. 682. 
Lattice parameter: Fig. 683. 



Electromechanical properties : Fig. 684. 
5a | Dielectric constant: Fig. 685. 
lb | Lattice parameter: Fig. 686. 



Nr. lC-e9 BaTi0 3 -BaNb 2 O e 



86 



5a | Dielectric constant: Fig. 687, 688. 
lb | Phase diagram : Fig. 689. 
Ikeda 



II 1 Perovskite-type oxides 



Figures p. 341 ff. 



Nr. lC-elO BaTiC^-BaTa^ 



Nr. IC-ell BaTiO s -A 2 B 2 O v 



lb 



5a 



lb 



Lattice parameter: Fig. 690. 



5a 



Dielectric constant: Fig. 691. 



Curie temperature: Fig. 692. 



Dielectric constant: Fig. 693 ••• 697. 



Nr. lC-el2 PbZr0 3 -PbNb 2 0 6 

For the solid solution with PbNb 2 0 6 as an end material see 5B-8. 



Nr. lC-e!3 PbZrCVPbTa^ 

Nr. lC-fl CaTi0 3 -SrTi0 3 -BaTi0 3 
Nr. lC-f2 CaTi0 3 -BaTi0 3 -PbTi0 3 

Nr. lC-f3 PbTi0 3 -PbZr0 3 -PbO:Sn0 2 

Nr. lCf4 PbTiO $ -PbHf0 3 -PbO:Sn0 2 
Nr. lC-f5 PbTi0 3 -PbZrO 3 -LaFeO 3 

Nr. lC-f6 PbTi0 3 -PbZr0 3 -BiFe0 3 



lb 



Phase diagram: Fig. 698. 



Thermal expansion: Fig. 699. 



lb 



Dielectric constant : Fig. 700. 



Phase diagram: Fig. 701. 



Thermal expansion : see Fig. 699. 



Dielectric constant: Fig. 702. 



lb | Phase diagram: Fig. 703. 



lb 



7a 



Phase diagram: Fig. 704, 705. 
Curie temperature : Fig. 706. 



Electromechanical properties : see Nr. 1 A-8, 7a. 



lb Phase diagram: Fig. 707. 



8b Elastic properties: Fig. 708, 709. 
lb | Phase diagram: Fig. 710. 



lb I Phase diagram: Fig. 711. 
| Lattice parameters: Fig. 712. 



lb I Phase diagram: Fig. 713. 
| Lattice parameters: Fig. 714. 



Nr. lC-f7 PbTi0 3 -PbZr0 3 -Pb(Mg l/3 Nb 2/3 )0 3 lb 



Phase diagram : Fig. 715. 
Lattice parameters: Fig. 716. 



7a Electromechanical property: Fig. 717, 718. 



Nr. lC-f8 PbTi0 3 -PbZr0 3 -Pb(Fe l/2 Nb l/2 )0 3 


lb 


Lattice parameters: Fig. 719. 
Curie temperature: Fig. 720. 




7a 


Electromechanical property: Fig. 721. 


Nr. lC-f9 PbTi0 3 -PbZr0 3 -AB0 3 


lb 


| Phase diagram : Fig. 722. 



Nr. lC-flO PbTi0 3 -SrTi0 3 -LaMn0 3 lb | Curie temperature: Fig. 723. 

Nr. lC-fll PbTi0 3 -LaMn0 3 -LaMe0 3 (Me = Fe, Co, Ni, Cr) 



lb 


Transition temperatures: Fig. 724. 


5a 


Dielectric constant: Fig. 725. 


11 


Magnetic susceptibility : see Fig. 725. 
Magnetization: Fig. 726. 
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Nr. 1C-H2 BaTi0 3 -SrTi0 3 .LaY03-LaIn0 3 
Nr. 1C-H3 CaSn0 3 -SrSn0 3 -BaSn0 3 

Nr. lC-fl4 (Na-K)(Nb-Ta)0 3 

Nr. 1C-H5 (Ca-Ba)(Ti-Zr)0 3 

Nr. 1C-H6 (Sr-Pb)(Ti-Zr)0 3 

Nr. lC-fl7 (Ba-Pb)(Ti-Zr)0 3 
Nr. lC-fl8 (Ba-Pb)(Ti-Sn)0 3 



lb 
lb 
lb 
lb 
lb 



5a 
lb 



Phase diagram: Fig. 727. 

Phase diagram : Fig. 728. 

Phase diagram: Fig. 729. 

Phase diagram : Fig. 730. 

Phase diagram: Fig. 731. 
Lattice parameter: Fig. 732. 
Transition temperature : Fig. 733. 



7a 
lb 



Dielectric constant: Fig. 734, 735. 

Phase diagram: Fig. 736. 
Lattice parameter: Fig. 737. 
Transition temperature: Fig. 738 



Nr. lC-fl9 BaTi0 3 -PbTi0 3 -BaNb 2 0 6 -PbNb 2 0 6 lb 



Electromechanical properties: Fig. 739, 740. 

Phase diagram: Fig. 741, 742. 
Lattice parameter: Fig. 743 
Transition temperature: Fig. 744. 

Phase diagram : Fig. 745. 
Lattice parameter: Fig. 746. 



2 W0 3 

2A Pure compound 

N^2A-1 WO,, Tungsten trioxide 



la 



2a 
b 



Matthias*) in 1949. y Ierr °eiectnaty in W0 3 was pointed out by 



phase 



state 



crystal 
system 



space 
group 



VII 



Fa) 



mono- 
clinic**) 



VI 



tri- 
clinic b ) 



mono- 
clinic 0 ) 



IV 



III 



ortho- 
rhombic b ) 



-40*>) 



tetra- 
gonal d ) 



P4/nmm d ) 



II 



tetra- 
gonal^) 



tetra- 
gonal 1 *) 



17b) 330e ) TiSJ ^ iof^ 



^melt = 1473 °C. 
Q = 7.157 - 10 3 kg m-3 at RT 

I^ti^^T 7 68 A. P = 90" 54' at 30 "C 



Crystal growth: Sublimation method. 
Crystal form : Plate-like. 



5a 



Crystal structure: Fig.T^^T^^T^^ 
phase I VII VI I V I iv I m - 



*)48Nl t 48N2\ 
h )49M2 1 

*)49M2 
h )60T1 
C )60T2 
d )52K1 



21J1 
04S1 
60T1 

~51UU S6T2, 
59S3 



8 



8 



Lattice distortion: Tab. 80. 
Thermal expansion : Fig. 750 • • . 754. 



II 



^^^^^^^^^^ " 

ture because of high dKSSfaSSSlS 5 Ctntad ° Ut at and above «om tempera- 
d&rr-mjdp = -8.46 • 10-» °K N~i m» 

Dielectric hysteresis loop was observed at liquid air temperature. 



60T1 



49M2 

66T4 
49M2 




V Index of substances 



V Index of substances 

I p^^^sr&ss 0 parts: part A is *»■ 

such as pKInL , O o? M° mp £ x impounds 
' part B is for soKluSns Na °-« Bl «' Ti «°») and 



- Substanzenverzeichnis 



I ^cc^f to S ^ 1 Xha^ SU ^ anCeS are ° rde - d 
, formula.^ When thti? n, Ca, , Iy arran ged gross 
'and/or their abbreviated^ (eg ', R ° chelle **) 
widely used, they are aLo inrt^ TGS ) are 
In the gross formula thl n mcl " ded ln column, 
are determined bTsL^e SdSS. ° f the ts 

molecules are included fn tli ^ ° oi the wa *« 
water molecules are S^Sf.*™ 88 !T nu,a ' ( 2 ) the 

as the data on the non + } h f 8301(2 section 
I KH 2PO,). non-deuterated crystals (e.g. 

j material* TsZ S ?° SS Z™ 1 * of ea <* 

compounds Thnsth.^i j m tne °f pure 
I can be foundlj the ™f 0lutl ? n ^TiO.-PbTiO^ 
either BaOjTi or O pVtt iT^ 'J*?^ first fo ' 
Part B. If the mIMVS??- • he lst coIumn of 
formula such ^ (lb B T , S? £ eXp 5 eSSed bv the 
be obtained by puttSTln' ^e""* material 
When solid solurfonVhfvLK •Vi ther 0 or »• 
KTN). these are SSSS^ffSOSl 

section number and She 4th Jr Umn ^ ves tte 
I Page of the section °° Iumn ^ lves the fi ^t 



lich komplexer VerS,n^ bmdu ^ en (einschlieC 

^^ l -5SSi^|" , 2 tM1 « n nach d - 

fuhrt. Wenn ihre £ en ^ R B o rUttoforme l aufge- 
oder ihre abgekurzten V, B K Se, g ne «e-Salz) und/ 

hau% gebraLht w^rde? S n " ng r (Z B TGS 
Spalte zu finden I„ deJ nJ. <2 aUCh Sle ln die ser 
zahl jedes Element durc^ ^Tl^ die An " 
stimmt. cn eiI »ache Addition be- 

^^"S^rt.WTfT enthalten - 
molekule sind in dlr BruttL^! 1 ? d 0 der w ««- 
Wassermolekule werden £2 fo ™ e ' e nthalten. 2. die 
hinzugefiigt fl2ft t .*? Bruttoformel 
aufgefiihrt als C hK^'" der S P a lte 
und auchalsRoSe lltz 8 RS H ^' C < H " K NaO 10 
Kristalle, in denen H H ?* ^gnette-Salz). 

ten von ihren Eimnsdbfrh^ ? ft uf ? eflihrt - Da- 

Oder PbTiO, fur ^ u^ 1 re,he z " B - BaTiO, 

von reinen Verbindunren <Sf g l hrt Wle lm FaI1 
kristallreihe BaTiO -Pb?£ ^ kann die Miscl >- 
gefunden werden „in derz r iten S P a 'te 

BaO 3 Tioder0PbT W ,n ^ 1 zu £ ach -st entweder 

sucht. Wenn dir ^UhSStW* 6 Von Teil B 
mel (Sb^Bi, )ST»™™^ ftallreihe durch die For- 

EndsUs^iinden Sem In man die 
setzt. Wenn MischkristaH P \ I * , g - CICh 0 oder 1 



Gross formula 
ADP 

AgC 2 H 5 N 2 O s 
Ag t H s IO, 
AgNbO, 
AgO s Ta 
AgO a V 

AlCH 6 NO s S. ■ 
AlCH.N.O.S, 
A1CH 18 N 8 0 14 S 
AICH ro NO 20 S 2 
AlCH.NCSe,. 
AlCH jNi o 8 Se 2 • 6H 2 b 

Ammonium 

metaphosphate 
AsCsH 2 0 4 
AsHjjKO^ 



12H 2 0 
6H 9 0 



12H 2 0 



VA Pure compounds 

Chem ical formula 
NH 4 H 2 Po7 

NH 2 CH 2 COOH - AeNO 
Ag 2 H 3 I0 6 
AgNb0 3 
AgTaO, 
AgVO s 

CH 3 NH 8 Al(SOJ 2 
C(NH 2 ) 3 Al(SO;) 2 2 . 
C(NH 2 ) 3 Al(SO J . 
CH,NH a Al(SOJ 1 ■ 
CH 8 NH 3 Al(SeO 2 
C(NH 2 ) 3 Al(SeO;) 3 
C(NH 2 ) s Al(SeO 2 2 



12H 2 0 
6H 2 0 
6H 2 0 
12H 2 0 

• 12H 2 0 
6H g O 
6H 2 0 

• 12H 2 0 



CsH 2 As0 4 
KH 2 As0 4 



Furuhata/Maldta 



13A-7 

29A-1 

35-22 

35-16 

35-18 

35-20 

18A-4 

19A-1 

19A-1 

18A-4 

18A-10 

19A-5 

19A-5 

18A-10 

35-14 
13A-6 
13A-4 





Page 




143 




191 




209 




207 




207 




208 




158 




161 




161 




158 




161 




166 




166 




161 




205 




143 




141 



571 



V Substanzenverzeichnis 



Gross formula 


Chemical formula 


Nr. 


Page 


AsH 6 N0 4 


NH 4 H 2 As0 4 


13A-8 


1 4.7 


AsH 2 0 4 Rb 


RbH 2 As0 4 


1 ^ 




Azobenzene 


C 12 H 10 N 2 


J f — D 


01 


Azoxybenzene 


12 JO 2 




01 A 


B,BrCd 3 0 13 


Cd 3 B 7 0 13 Br 


9A-18 


120 


B 7 BrCo 3 0 13 


Co 8 B 7 0 13 Br 


9A-14 


119 


B,BrCr 3 0 13 


Cr 3 B 7 0 13 Br 


9 A- 11 


118 


B 7 BrCu 3 0 13 


Cu 3 B 7 0 13 Br 


9A-16 


119 


B 7 BrFe 3 0 13 


Fe s B 7 O n Br 


9A-13 


119 


B 7 BrMg 3 0 13 


Mg 3 B 7 0 13 Br 


9A-10 


118 


B 7 BrMn 3 0 13 


Mn 3 B 7 0 13 Br 


9A-12 


119 


B 7 BrNi 3 0 13 


Ni 3 B 7 0 13 Br 


9A-15 


119 


B 7 Br0 13 Zn 3 


Zn 3 B 7 0 13 Br 


9A-17 


120 


B 6 Ca 2 H 10 O 16 


Ca 2 B 6 O u • 5H 2 0 


21A-1 


173 


B.CaaOn - 5H 2 0 


Ca 2 B 6 O n - 5H 2 0 


21A-1 


173 


. B 7 Cd 3 C10 13 


Cd 3 B 7 0 13 Cl 


9A-9 


118 


B 7 Cd 3 I0 13 


Cd 3 B 7 0 13 I 


9A-25 


122 


B 7 ClCo 3 0 13 


Co 3 B 7 0 13 Cl 


9A-5 


117 


B 7 ClCr 3 0 13 


Cr 3 B 7 0 13 Cl 


9A-2 


116 


B 7 ClCu 3 0 13 


Cu 3 B 7 0 13 Cl 


9A-7 


118 


B 7 ClFe 3 0 13 


Fe 3 B 7 0 13 Cl 


9A-4 


117 


B 7 ClMg 3 0 13 


Mg 3 B 7 0 13 Cl 


9A-1 


115 


B 7 ClMn 3 0 13 


Mn 3 B 7 0 13 Cl 


9A-3 


117 


B 7 ClNi 3 0 13 


Ni 3 B 7 0 13 Cl 


9A-6 


117 


B 7 C10 13 Zn 3 


Zn 3 B 7 0 13 Cl 


9A-8 


118 


B 7 Co 3 I0 13 


Co 3 B 7 0 ls I 


9A-22 


121 


B 7 Cr 3 I0 13 


Cr 3 B 7 0 13 I 


9A-19 


120 


B 7 Fe 3 I0 13 


Fe 3 B 7 0 13 I 


9A-21 


120 


B 7 IMn 3 0 13 


Mn s B 7 0 13 I 


9A-20 


120 


B 7 INi 3 0 13 


Ni 3 B 7 0 13 I 


9A-23 


121 


B 7 I0 13 Zn 3 


Zn 3 B 7 0 13 I 


9A-24 


121 


Ba 4 Bi 2 Fe 2 Nb 8 O 30 


Ba 4 Bi 2 Fe 2 Nb 8 O 30 


5C-gl 


104 


BaBi 2 Nb 2 0 9 


BaBi 2 Nb 2 0 9 


7A-7 


109 


BaBi 3 Nb0 12 Ti 2 


BaBi 3 Ti 2 Nb0 12 


7A-12 


110 


BaBi 2 0 9 Ta 2 


BaBi 2 Ta 2 0 9 


7A-8 


109 


BaBi 4 0 J5 Ti 4 


BaBi 4 Ti 4 0 15 


7A-14 


111 


Ba 2 Bi 4 0 18 Ti 5 


Ba 2 Bi 4 Ti 5 0 18 


7A-19 


112 


BaC 18 Ca 2 H 30 O 12 


Ca 2 Ba(CH 3 CH 2 COO) 6 


26A-3 


184 


Ba 4 Ce 2 Nb 8 Ni 2 O 30 


Ba 4 Ce 2 Ni 2 Nb 8 O 30 


5G-dl 


104 


Ba 4 Fe 2 Gd 2 Nb 8 O 30 


Ba 4 Gd 2 Fe 2 NbO 30 




104 


Ba 2 Fe 3 Nb 7 Nd 4 O 30 


Ba 2 Nd 4 Fe 3 Nb 7 O 30 


5C-hl 


104 


Ba 4 Fe 2 Nb 8 Nd 2 O 30 


Ba 4 Nd 2 Fe 2 Nb 8 O 30 




104 


Ba 6 FeNb 9 O 30 


Ba 6 FeNb 9 O 30 


5C-fl 


104 


Ba 2 Fe 8 Nb 7 O S0 Sm 4 


Ba 2 Sm 4 Fe 3 Nb 7 O 30 


5C-h2 


104 


Ba 4 Fe 2 Nb 8 O 30 Sm 2 


Ba 4 Sm 2 Fe 2 Nb 8 O 30 


5C-g3 


104 


Ba 2 KNb 5 0 15 


KBa 2 Nb 5 0 15 


5C-b3 


103 


Ba 9 MgNb 14 0 45 


Ba 9 MgNb 14 0 45 


5C-el 


104 


Ba 2 NaNb 6 0 15 


NaBa 2 Nb 5 0 15 


5G-b2 


103 


Ba 2 Nb 8 Nd 4 Ni 2 O 30 


Ba 2 Nd 4 Ni 2 Nb 8 O 30 


5C~cl 


104 


Ba 2 Nb 8 Ni 2 O 30 Sm 4 


Ba 2 Sm 4 Ni 2 Nb 8 O 30 


5C-c2 


104 


Ba 2 Nb 5 0 15 Rb 


RbBa 2 Nb 5 0 15 


5C-b5 


103 


Ba 6 Nb 8 0 JM) Ti 2 


Ba 6 Ti 2 Nb 8 O 30 


5C-il 


104 


BaNbj.5O5.25Zro.25 


BaZr 0 osNbj 5 O s « 


5C-j3 


105 


Ba0 6 Ta 2 


BaTa 2 O e 


5A-3 


98 


Ba0 3 Ti 


BaTi0 3 


1A-8 


51 


Ba0 3 Zr 


BaZr0 3 


1A-12 


61 


BeC 6 F 4 H 17 N 8 0 6 


(NHoCHXOOHJ.H-BeF, 


28A-3 


190 


BeF 4 H 8 N 2 


(NH 4 ) 2 BeF 4 


14A-2 


154 


BiBrS 


BiSBr 


10A-7 


126 


BiBrSe 


BiSeBr 


10A-10 


127 


Bi 2 CaNb 2 O g 


CaBi 2 Nb 2 0 9 


7A-3 


107 


Bi 2 Ca0 9 Ta 2 


CaBi 2 Ta 2 0 9 


7A-4 


108 


Bi 4 Ca0 15 Ti 4 


CaBi 4 Ti 4 Q 15 


7A-17 


112 



572 



Furuhata/Makita 



V Index of substances 



Gross formula 

BiCIS 
BiClSe 

Bi 2 Fe 4 Nb 6 Nd 4 O 30 
BiFe0 3 
Bi 5 Ga0 15 Ti 3 
BUS 
BilSe 

BiK 2 Nb 5 0 15 
Bii/ 2 K l/2 0 3 Ti 

Bi 4.5 K 0.5OlS Ti 4 

Bi,/ 2 Na l/2 0 3 Ti 
Bi 4 . 5 Na,. 6 0 15 Ti 4 
Bi 2 Nb 2 0 9 Pb 
Bi 3 Nb0 12 PbTi 2 
Bi 2 Nb 2 0 9 Sr 
Bi 3 Nb0 9 Ti 
Bi 2 0 9 PbTa 2 
Bi 4 0 15 PbTi 4 
Bi 4 0 18 Pb 2 Ti 5 
Bi 2 0 9 SrTa 2 
Bi 4 0 15 SrTi 4 
Bi 4 0 18 Sr 2 Ti 5 
Bi 3 0 9 TaTi 
Bi 2 O n Ti 4 
Bi 4 0 12 Ti 3 
Br 3 C 4 H 12 HgN 
Br 3 C 4 H 12 HgP 
BrH 
BrSSb 
BrSbSe 

C 9 CaCl 2 H 21 N 3 0 6 

C 18 Ca 2 H 30 O 12 Pb 

C I8 Ca 2 H S0 O 12 Sr 

C 4 Cl 3 H 12 HgN 

C 4 Cl 2 H 10 MnN 3 O 4 - 2H 2 0 

C 4 Cl 2 H 14 MnN 2 0 6 

C 2 C1H 6 N0 2 

C 4 C1 2 H 9 N0 4 

CCrH 6 N0 8 S 2 . 12H 2 0 

CCrH 6 N 3 0 8 S 2 * 6H 2 0 

CCrH 30 NO 20 S 2 

CCrH 18 N 3 0 14 S 2 

CCrH 6 N 3 0 8 Se 2 • 6H 2 0 

CCrH 18 N 3 0 14 Se 2 

C 2 CuH 2 0 4 • 4H 2 0 

C 2 CuH 10 O 8 

C 6 FeH 6 K 4 N c 0 3 

CFeH 6 N0 8 S 2 . 12H 2 0 
CFeH 30 NO 20 S 2 
C 6 FeK 4 N 6 . 3H 2 0 
CGaH 6 NO a S 2 • 12H 2 0 
CGaH 6 N 3 O s S 2 - 6H 2 0 
CGaH 18 N 3 0 14 S 2 
CGaH M NO 20 S 2 
CGaH 6 N 3 0 8 Se 2 * 6H 2 0 
CGaH a8 N 3 0 14 Se 2 
C 4 H 12 HgI 3 N 
QH 6 K 4 MnN 6 0 3 
C 6 H fl K 4 N 6 0 3 0s 
C.H 6 K 4 N,O a Ru 
C 4 H 4 KNa0 8 • 4H 2 0 
C 4 H 12 KNaO 10 
C 4 H 8 LiN0 6 • H 2 0 



Chemical formula 

BiSCl 
BiSeCl 

Bi 2 Nd 4 Fe 4 Nb 6 O 30 
BiFe0 3 

BiBi 4 Ti 3 Ga0 15 

BiSI 

BiSel 

K 2 BiNb 5 0 15 
( K i/ 2 Bi l/2 )Ti0 3 

K o. 5 Bi 4 . 5 Ti 4 0 15 

(Na l/2 Bi l/2 )Ti0 3 

Na o. 5 Bi 4 . 5 Ti 4 0 15 

PbBi 2 Nb 2 0 9 

PbBi 3 Ti 2 Nb0 12 

SrBi 2 Nb 2 0 9 

BiBi 2 TiNb0 9 

PbBi 2 Ta 2 0 9 

PbBi 4 Ti 4 0 15 

Pb 2 Bi 4 Ti 5 0 18 

SrBi 2 Ta 2 0 9 

SrBi 4 Ti 4 0 15 

Sr 2 Bi 4 Ti 5 0 18 

BiBi 2 TiTa0 9 

Bi 2 Ti 4 O n 

BiBi 3 Ti 2 TiO i2 

N{CH 3 ) 4 HgBr 3 

P(CH 3 ) 4 HgBr 3 

H-Br 

SbSBr 

SbSeBr 



(CH 3 NHCH 2 COOH) 3 - CaCL 
Ca 2 Pb(CH 3 CH 2 COO) 6 
Ca 2 Sr(CH 3 CH 2 COO) 6 
N(CH 3 ) 4 . H g CI 3 

(NH 2 CH 2 COOH) 2 . MnCl 2 • 2H 2 0 
(NH 2 CH 2 COOH) 2 • MnCl 2 . 2H 2 0 

CH 2 ClCOONH 4 2 

(CH 2 ClCOO) 2 H • NH 4 

CH 3 NH 3 Cr(S0 4 ) 2 • 12H 2 0 

C(NH 2 ) 3 Cr(S0 4 ) 2 . 6H 2 0 

CH 3 NH 3 Cr(S0 4 ) 2 • 12H 2 0 

C(NH 2 ) 3 Cr(S0 4 ) 2 . 6H 2 0 

C(NH 2 ) 3 Cr(Se0 4 ) 2 - 6H a O 

C(NH 2 ) 3 Cr(Se0 4 ) 2 . 6H 2 0 

Cu(HCOO) a . 4H 2 0 

Cu(HCOO) 2 • 4H 2 0 

K 4 Fe(CN) 6 . 3H 2 0 

CH 3 NH 5 Fe(S0 4 ) 2 ■ 

CH 3 NH 3 Fe(S0 4 ) 2 - 

K 4 Fe(CN) 6 . 3H 2 0 
CH 3 NH 3 Ga(S0 4 ) 2 
C(NH 2 ) 3 Ga(S0 4 ) 2 . 
C(NH 2 ) 3 Ga(S0 4 ) 2 ■ 
CH 3 NH 3 Ga(S0 4 ) 2 ■ 
C(NH 2 ) 3 Ga(Se0 4 ) 2 
C(NH 2 ) 3 Ga(Se0 4 ) 2 
N (CH 3 ) 4 HgI 3 
K 4 Mn(CN) tf .3H 2 0 
K 4 Os(CN) tf . 3H 2 0 
K 4 R U (CN) 8 . 3H 2 0 
NaKC 4 H 4 O 0 . 4H 2 0 
NaKC 4 H 4 0 6 • 4H 2 0 
LiNH 4 - C 4 H 4 O a • H.O 



12H 2 0 
12H 2 0 

12H 2 0 
6H a O 
6H 2 0 
12H 2 0 
*6H 2 0 
•6H 2 0 



Nr. 

10A-6 
10A-9 
5C-i2 
1A-15 
7A-18 
10A-8 
10A-11 
5C-a2 
lBl-i 
7B-4 
lBl-ii 
7B-3 
7A-9 
7A-13 
7A-5 
7A-1 
7A-10 
7A-15 
7A-20 
7A-6 
7A-16 
7A-21 
7A-2 
7A-22 
7A-11 
24A-2 
24A-3 
35-12 
10A-1 
10A-3 

32A-1 
26A-2 
26A-1 
24A-1 
31A-1 
31A-1 
27A^1 
27A-2 
18A-6 
19A-2 
18A-6 
19A-2 
19A-6 
19A-6 
25A-1 
25A-1 
22A-2 
18A-7 
18A-7 
22A-2 
18A-5 
19A-3 
19A-3 
18A-5 
19A-7 
19A-7 
24A-4 
22A-1 
22A-4 
22A-3 
33A-1 
33A-1 
34A-1 



Page 

125 
126 
104 
63 
112 
126 
127 
102 
64 
114 
64 

114 

109 

110 

108 

107 

110 

111 

112 

109 

111 

113 

107 

113 

110 

179 

180 
203 
122 
124 



192 

183 

182 

178 

192 

192 

184 

184 

160 

164 

160 

164 

167 

167 

180 

180 

174 

160 

160 

174 

160 

165 

165 

160 

167 

167 

180 

174 

176 

176 

193 

193 

199 



Furuhata/Makita 
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V Substanzenverzeichnis 



Gross formula 



Chemical formula 



Nr. 




34A-1 


199 


34A-2 


199 


34A-2 


199 


33A-2 


197 


33A-2 


197 


30A-1 


191 


28A-1 


185 


18A-8 


161 


19A-4 


166 


19A-4 


166 


18A-8 


161 


28A-2 


190 


23A-1 


177 


33A-3 


198 


33A-3 


198 


18A-9 


161 


18A-9 


161 


22A-1 


174 


22A-4 


176 


22A-3 


176 


1A-5 


44 


1A-10 


60 


16A-1 


156 


lB3-xvii 


70 


lB3-xvii 


70 


6A-1 


105 


lB4-iii 


71 


lB2-ii 


65 


1A-7 


50 


35-21 


208 


35-11 


202 


35-28 


211 


18A-11 


161 


18A-11 


161 


21A-1 


173 


lB3-xvii 


70 


lB3-xvii 


70 


lB4-iv 


71 


1B3— iv 


68 


lB4-vii 


72 


lB3-xiii 


70 


lB2-iv 


66 


lB3-xvii 


70 


13A-3 


141 


20A-3 


172 


12A-3 


134 


35-33 


212 


35-33 


212 


4A-2 


95 


35-2 


200 


35-24 


210 


18A-1 


157 


18A-1 


157 


5C-il 


104 


5C-h3 


104 


lB3-iii 


67 


5C-f2 


104 


5C-g5 


104 


lB3-xii 


69 


lB3-xvi 


70 


lB5-ii 


73 



C 4 H 10 LiNO 7 

C 4 H 4 LiO e Tl • H 2 0 

C 4 H 6 Li0 7 Tl 

C 4 H 8 NNa0 6 • 4H 2 0 

C 4 H 16 NNaO 10 

C 4 H n N 3 0 7 

C a H 17 N 3 O J0 S 

CH 6 N0 8 S 2 V • 12H 2 0 

CH 6 N 3 0 8 S 2 V * 6H 2 0 

CH 18 N 3 O u S 2 V 

CHjoNCStV 

C 6 H 17 N 3 O 10 Se 

CH 4 N 2 S 

C 4 H 4 NaO e Rb • 4H 2 0 
C 4 H i2 NaO 10 Rb 
CH 6 InN0 8 S 2 - 12H 2 0 
CH^InNO^S, 
C 6 K 4 MnN 6 • 3H 2 0 



C 6 K 4 N 6 0s 
C 6 K 4 N 6 Ru 
CaO s Ti 
Ca0 3 Zr 



3H 2 0 
3H s O 



2°3 



Cd l/4 Mn l/4 Nb l/2 O s Pb 

Cd j/4 Mn l/4 O s PbW l/2 

Cd 2 Nb 2 0 7 

Cd l/3 Nb 2/3 O s Pb 

Cd j/2 0 3 PbW j/2 

CdO s Ti 

Cl 3 CsGe 

C1H 

C1K 

CoCrH 5 N a O a S 2 ■ 12H 2 0 

CoCrH 29 N 2 O 20 S 2 

Colemanite 

Co l/4 Mn l/4 Nb l/2 O s Pb 

Co l/4 Mn l/4 0 3 PbW l/2 

Co l/3 Nb 2/3 0 3 Pb 

Co l/2 Nb l/2 0 3 Pb 

Co l/3 0 3 PbTa 2/3 

Co l/2 0 3 PbTa l/2 

Co l/2 0 3 PbW l/2 

Cr l/4 Nb l/2 0 3 PbSc l/4 

CsH 2 0 4 P 

CsH 3 0 6 Se 2 

CsN0 3 

Deoxyribonucleic acid 
DNA 

ErMnO q 



FeH 4 N0 8 S 2 • 12H 2 0 

FeH 28 NO 20 S 2 

Fe 4 Nb 6 Nd 6 03o 

Fe 3 Nb 7 Nd 4 O s0 Pb 2 

Fe l/st Nb l/2 0 3 Pb 

FeNb 9 O 30 Sr 6 

Fe 2 Nb 8 O 30 Sr 4 Yb 2 

Fe l/2 0 3 PbTa l/2 

Fe l/2 0 3 PbW l/2 

Fe 2/3 0 3 PbW l/3 



LiNH 4 • C 4 H 4 0 6 • H 2 0 
LiTlC 4 H 4 0 6 * H 2 0 
LiTlC 4 H 4 0 6 * H 2 0 
NaNH 4 C 4 H 4 O e * 4H 2 0 
NaNH 4 C 4 H 4 0 6 • 4H 2 0 
(NH 2 CH 2 COOH) 2 • HNO s 
(NH 2 CH 2 COOH) 3 * H 2 S0 4 
CH 3 NH 3 V(S0 4 ) 2 * 12H 2 0 
C(NH 2 ) 3 V(S0 4 ) 2 * 
C(NH 2 ) 3 V(S0 4 ) 2 • 
CH 3 NH 3 V(S0 4 ) 2 
(NH 2 CH 2 COOH) 
SC(NH 2 ) 2 
NaRbC 4 H 4 0 6 
NaRbC 4 H 4 0 6 



6H 2 0 
6H 2 0 
12H 2 0 
* H 2 SeQ 4 



4H 2 0 



CH s NH 3 In(S0 4 ) 2 • 12H 2 0 
CH 3 NH 3 In(S0 4 ) 2 • 12H 2 0 
K 4 Mn(CN) fl • 3H a O 
3H a O 
• 3H 9 Q 



K 4 0s(CN) 6 
K 4 Ru(CN) 6 
CaTi0 3 
CaZr0 3 

(NH 4 ) 2 Cd 2 (S0 4 ) 3 

Pb(Cd l/4 Mn l/4 Nb l/2 )0 3 

Pb(Cd l/4 Mn l/4 W l/2 )0 3 

Cd 2 Nb 2 0 7 

Pb(Cd l/3 Nb 2/3 )0 3 

Pb(Cd l/2 W l/2 )0 3 

CdTiO s 

CsGeCl 3 

HC1 

KC1 

Co(mi 2 ) 2 HCr(S0 4 ) 2 • 12H 2 0 

Co(NH 2 ) 2 HCr{S0 4 ) 2 • 12H 2 0 

Ca 2 B 6 O n • 5H 2 0 or CaB 3 0 4 (OH) 3 

Pb(Co^ 4 Mn l/4 Nb l/2 )O s 

Pb(Co l/4 Mn l/4 W l/2 )0 3 

Pb(Co l/3 Nb 2/3 )0 3 

Pb(Co l/2 Nb l/2 )0 3 

Pb(Co l/3 Ta 2/3 )0 3 

Pb(Co l/2 Ta l/2 )O s 

Pb(Co l/2 W l/2 )O s 

Pb(Sc l/4 Cr l/4 Nb l/2 )0 3 

CsH 2 P0 4 

CsH 8 (Se0 3 ) 2 

CsN0 3 

Deoxyribonucleic acid 
Deoxyribonucleic acid 

ErMn0 3 
Eu 2 (Mo0 4 ) 3 

NH 4 PF„NH 4 F 

NH 4 Fe(S0 4 ) 2 * 12H 2 0 

NH 4 Fe(S0 4 ) 2 * 12H 2 0 

Nd 6 Fe 4 Nb 6 O 30 

Pb 2 Nd 4 Fe 3 Nb 7 O30 

Pb(Fe l/2 Nb l/2 )O s 

Sr a FeNb 9 O w 

Sr 4 Yb 2 Fe 2 Nb 8 O 30 

Pb(Fe l/2 Ta l/2 )0 3 

Pb(Fe j/2 W l/2 )0 3 

Pb(Fe 2/3 W l/3 )0 3 
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Page 

199 

199 

199 

197 

197 

191 

185 

161 

166 

166 

161 

190 

177 

198 

198 

161 

161 

174 

176 

176 
44 
60 

156 
70 
70 

105 
71 
65 
50 

208 

202 
211 

161 
161 
173 

70 

70 

71 

68 

72 

70 

66 

70 
141 
172 
134 

212 
212 

95 
200 

210 
157 
157 
104 
104 

67 
104 
104 

69 

70 

73 



GASH 
G <* 2 Mo 3 0 J2 
GeTe 

HI 

H 4 InN0 8 S 2 - 12H 2 0 

H 28 InNO 20 S 2 

H 2 K0 4 P 

H 5 LiN 2 0 4 S 

H 3 Li0 6 Se 2 

H 4 NNa0 4 S • 2H 2 0 

H 8 NNaO e S 

H tt N0 4 P 

H 5 N0 4 S 

H 8 N 2 0 4 S 

H 4 NO g S 2 V • 12H 2 0 

H 28 NO 20 S 2 V 

H 3 Na0 6 Se 2 

H a O (Ice) 

H 2 0 4 PRb 

H0 4 RbS 

HfO s Pb 

HoMn0 3 

H Oi/ 2 Nb l/2 0 3 Pb 



Ice 
IK0 3 
ISSb 
ISbSe 
ISbTe 

In i/ 2 Nb l/2 0 3 Pb 
KDP 

K 2 LaNb 5 0 15 
K o.6Li 0t4 Nb0 3 

KN0 2 
KNO s 
KNb0 3 
KNb 5 0 15 Sr 2 
K0 3 Ta 

Lecontite 
LiNbO a 

Li iANb l/4 0 3 PbW l/2 
Li0 3 Ta ' 
LuMnO a 
Lu i/ 2 Nb l/2 O a Pb 
L«i/ 2 0 3 PbTa l/2 

MASD 

Mg l/4 Mn l/4 Nb l/2 0 Jl Pb 
Mg l/4 Mn l/4 0 3 PbTa l/2 
Mg l/4 Mn l/4 O s PbW l/2 
M gi/ 8 Nb 2/3 0 3 Pb 
M &Nb 14 0 45 Sr 9 
Mgi/ 3 0 3 PbTa 2/3 
Mg l/2 0 3 PbW l/2 
Mn l/4 Nb l/2 Ni l/4 0 3 Pb 
M ni/ 2 Nb l/2 0 8 Pb 
Mn i/4Nb l/2 0 3 Pb2n l/4 
Mn^Ni^OjPbW^ 



V Index of substances 
Chemical formula 

6H 2 Q 




C(NH 2 ) 3 AJ(S0 4 ) 
Gd 2 (Mo0 4 ) 3 

GeTe 



12H 2 0 
12H 2 Q 



HI 

( N H 4 ) 2 H 3 I0 6 
NH 4 In(S0 4 ) 2 . 12H s O 

NH 4 In(S0 4 ) 2 .12H 2 0 
KH 2 P0 4 

Li(N 2 H 5 )S0 4 
LiH 3 (SeO s ) 2 
NaNH 4 S0 4 -2H 2 0 
NaNH 4 S0 4 - 2H.O 
NH 4 H 2 P0 4 
(NH 4 )HS0 4 
(NH 4 ) 2 S0 4 
N H 4 V(S0 4 ) 2 
NH 4 V(S0 4 ) 2 

H 2 0 

RbH 2 P0 4 
RbHS0 4 
PbHfO s 
HoMn0 3 
Pb(Ho l/2 Nb j/2 )0 3 

H 2 0 
KlO s 
SbSI 
SbSel 
SbTel 

Pb(In l/2 Nb l/2 )O s 

KH 2 P0 4 
K 2 LaNb 5 0 15 
K o. 6 Lio. 4 Nb0 3 

&s^ (Ta °-' Nb »' )0 ' 

KN0 2 
KNO, 
KNb0 3 
KSr 8 Nb 5 0 15 
KTaO a 

NaNH 4 S0 4 • 2H.0 
LiNb0 3 

Pb(Li 1/4 Nb 1/4 W 1/2 ) 0j 

LiTa0 3 

LuMnO s 

Pb(Lu i/2N5i/2)03 
Pb(Lu l/2 T ai/2 )0 3 

SM gl/4 ^ Dl/4Nb ^ 0 « 

PbfMg^Nb^JO, 

Sr 9 MgNb 14 0 45 

^^i/3Ta 2/3 )0 3 
^>/ 2 W l/2 )0 3 
P b (Ni l/4 Mn l/4 Nb l/2 )O s 

Pb(Ni l/4 Mn l/4 W l/2 )0 3 

Furuhata/Makita 



35-29 
1A-16 
10A-2 
10A-4 
10A-5 
lB3-vi 

13A-1 
5C~al 
5C-kl 
5C-k2 
35-27 
11A-2 
12A-1 
1A-2 
5C-bl 
1A-4 

17A-1 

3A-1 

lB3-xvii 

3A-2 

4A-6 

lB3-ix 

lB3-xv 

18A-4 

1 B3-x vii 

lB3-xvii 

lB3-xvii 

lB4-i 

5C-e2 

lB4-vi 

lB2-i 

lB3-xvii 

lB3-ii 

lB3-xvii 

lB3-xvii 



V Substanzenverzeichnis 



Gross formula 



Chemical formula 



Nr. 


Page 




01 0 


1B2-V 


66 


lB3-xi 


69 


ID/.— 111 


AA 
DO 


!£>>- 1 


/ J 


A A A 
4A— 4 


Q£ 
VO 


A A 1 
4 A— I 


CM 
V4 


4 A— 3 


CIA 
JO 


*XC 1 

J>— 1 




^IC A 


OA1 


1 1 A 1 

11 A— 1 


1 OQ 
1ZO 


1 9 A O 


1 3D 


1 A 1 

1 A— 1 


d 1 


1 A 1 

1 A— D 


Aft 

4U 


DO—Ly 


2Uo 


1B3-V 


68 


1B4-V 


72 


C A 1 

DA— 1 


V / 




lUo 


1 pi ; 
1x53—1 


A1 
0 / 


lr>3— vii 


OtS 


lB4-ii 


/l 


dL— d4 


1 ft'X 
IUj 


1B4— viii 




1B3-X 


AQ 

by 


35—26 


Ol ft 

21U 


C A >l 

DA-4 


no 
Vo 


lr>3-xiv 


7ft 
IV) 


1A-9 


CO 


1 c oc 
JD— ZD 


01 ft 


1A-13 


61 


35-17 


207 


35-32 


01 o 

Z1Z 


3A— 2 


no 

v<> 


6 A— J 


1UO 


1 A 

1A— o 


4!) 


1 A 1 -t 

1A— 11 


ol 


35-30 


212 


2A-1 


88 


J /— 1 


oi c. 


37-2 


215 


37-3 


215 


4 A C 
1A— D 


AA 
44 


D /— 4 


Ol A 

21o 


35-31 


212 


11 a 1 




3D A— I 


iyj 


35-30 


212 


33A-1 


193 


36-4 


214 


36-2 


213 


28A-1 


185 


28A-4 


190 



Mn0 2 

Mn l/2 0 3 PbRe l/2 

Mn l/2 O s PbTa l/£ 

Mn l/2 0 3 PbW l/2 

Mn 2/3 0 3 PbW l/3 

MnO s Tm 

MnO a Y 

MnO s Yb 

Mo 3 0 12 Sm 2 

Mo 3 0 12 Tb 2 

NNaO, 

N0 3 Rb 

NaNb0 3 

Na0 3 Ta 

Na0 3 V 

Nb l/2 Ni l/3 0 3 Pb 

Nb 2/3 Ni l/3 O a Pb 

Nb 2 O a Pb 

Nb 2 0 7 Pb 2 

Nb l/2 0 3 PbSc l/2 

Nb l/2 0 3 PbYb l/2 

Nb 2/3 0 3 PbZn l/3 

Nb 5 0 15 RbSr 2 

Ni l/3 0 3 PbTa 2/3 

0 3 PbSc l/2 Ta l/2 

O e Pb 4 Si 

0 6 PbTa 2 

0 3 PbTa l/2 Yb l/2 

0 3 PbTi 

O s Pb 3 V 2 

0 3 PbZr 

O s RbTa 

0 2 Sn 

0 6 SrTa 2 

0 7 Sr 2 Ta 2 

O s SrTi 

O s SrZr 

0 2 Ti 

0 3 W 

p-azoxyanisole 
p-azoxyphenetole 
p-butoxybenzoic acid 
Perovskite 

p-methoxycinnamic acid 
Pyrolusite 

Rochelle salt 
RS 

Rutile 

Seignette salt 

SiV 8 

SnTe 

TGS 

Tri -glycine tellurate 



Mn0 2 

Pb(Mn l/2 Re l/2 )0 3 

Pb(Mn l/2 Ta l/2 )0 3 

Pb(Mn l/2 W l/2 )0 3 

Pb(Mn 2/3 W l/3 )0 3 

TmMnO a 

YMnOj 

YbMn0 3 

Sm 2 (Mo0 4 ) 3 

Tb 2 (Mo0 4 ) 3 

NaN0 2 

RbNOj 

NaNb0 3 

NaTaO a 

NaV0 3 

Pb(Ni l/2 Nb l/2 )0 3 

Pb(Ni l/3 Nb 2/3 )0 3 

PbNb 2 O e 

Pb 2 Nb 2 0 7 

Pb(Sc l/2 Nb l/2 )0 3 

Pb(Yb l/2 Nb l/2 )0 3 

Pb(Zn l/3 Nb 2/3 )0 3 

RbSr 2 Nb 5 0 15 

Pb(Ni l/3 Ta 2/3 )0 3 

Pb(Sc l/2 Ta x/2 )O s 

Pb 4 SiO fi 

PbTa^Oe 

Pb(Yb l/2 T ai/2 )0 3 

PbTiO s 

Pb 3 V 2 0 8 

PbZrO s 

RbTa0 3 

Sn0 2 

SrTajOe 

S^Ta^O, 

SrTiO, 

SrZr0 3 

Ti0 2 

WO s 

C 14 H 14 N 2 0 3 
C 16 H 18 N 2 0 3 
CnH 14 0 3 
CaTi0 3 

Mn0 2 

NaKC 4 H 4 O e • 4H 2 0 
NaKC 4 H 4 O c • 4H 2 0 
TiO a 

NaKC 4 H 4 O a * 4H 2 0 

V 3 Si 

SnTe 

(NH 2 CH 2 COOH) 3 H 2 S0 4 
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Index of substances 



VB Solid solutions 



AB0 3 
Al 2 Ba0 4 
AILa0 3 
AlLa0 3 
AlLaO, 
AsH 6 N0 4 
AsH 2 0 4 TI 
AsIS 

BaBi 2 Nb 2 0 9 
BaBi 2 Nb 2 0 9 
BaBi 3 Nb0 12 Ti 2 
BaF 4 Li 2 

BaFe l/2 0 3 Ta l/2 
BaHfO s 
BaHfO, 
BaNb 2 0 6 
BaNb 2 O tt 
BaNb 2 O fi 
BaNb 2 O c 
BaNb 2 0 6 
BaNb 2 O c 
BaNb 2 O c 
BaNb 2 O fi 
BaNb 2 O fi 
Ba0 3 Sn 
Ba0 3 Sn 
Ba0 8 Sn 
BaO,Sn 
BaO s Sn 
Ba0 3 Sn 
Ba0 6 Ta 2 
Ba0 6 Ta 2 
Ba0 6 Ta 2 
BaO s Ti 
Ba0 3 Ti 
Ba0 3 Ti 
Ba0 3 Ti 
BaO s Ti 
BaO s Ti 
Ba0 3 Ti 
Ba0 3 Ti 
BaO s Ti 
Ba0 3 Ti 
BaO s Ti 
Ba0 3 Ti 
Ba0 3 Ti 
Ba0 3 Ti 
Ba0 3 Ti 
BaO s Ti 
Ba0 3 Ti 
BaO s Ti 
BaO s Ti 
Ba0 3 Ti 
BaO s Ti 
BaO s Ti 
Ba0 3 Ti 
Ba0 3 Ti 
Ba0 3 Ti 
Ba0 3 Ti 



Landoll-Itomstein, x eut Serie I 



AB0 3 -PbTi0 3 -PbZr0 3 

BaAl 2 0 4 -BaLi 2 F 4 

LaA10 s -BaTi0 3 

LaA10 3 -BiFe0 3 

LaAIO s -PbTiO s 

NH 4 H 2 As0 4 -TlH 2 AsO 4 

TlH 2 As0 4 -NH 4 H 2 As0 4 

AsSI-SbSI 



(Ba-Pb)Bi 2 Nb 2 0 9 
Bi 2 BaNb 2 0 9 -Bi 3 TiNbO 9 
Bi 3 BaTi 2 Nb0 12 -Bi 4 Ti 3 0 12 
BaLi 2 F 4 -BaAI 2 0 4 
Ba(Fe l/2 Ta l/2 )0 3 -BaTi0 3 
BaHf0 3 -BaTi0 3 
BaHf0 3 -PbHf0 3 
BaNb 2 0 6 -BaTi0 3 
BaNb 2 0 6 -BaZr0 3 
BaNb 2 0 6 -CaNb 2 0 6 
BaNb 2 0 6 -PbNb 2 0 6 
BaNb 2 0 6 -SrNb 2 0 6 

BaNb 0 6 -BaTi0 3 -PbTi0 3 -PbNb 2 0 6 
(Ba-Pb-Sr)(Nt>-Ta) 2 0 6 
(Ba-Pb-Ca)(Nb-Ta) 2 0 6 
BaZro.^Nb,.^^ 
BaSn0 3 -BaTiO s 
BaSn0 3 -PbO:Sn0 2 
BaSnO s -PbTi0 3 
(Ba-Pb)(Sn-Ti)0 3 
BaSn0 3 -SrSn0 3 
BaSn0 3 -CaSn0 3 -SrSnO, 
BaTa 2 0 6 -BaTi0 3 
(Ba-Pb-Ca)(Ta-Nb) 2 O e 
(Ba-Pb-Sr)(Ta-Nb) 2 O fi 
BaTi0 3 -Ba(Fe l/2 Ta l/2 )0 3 
BaTi0 3 -BaHf0 3 
BaTi0 3 -BaNb 2 0 6 
BaTi0 3 -BaSn0 3 
BaTi0 3 -BaTa 2 0 6 
BaTi0 3 -BaU0 3 
BaTi0 3 -BaZr0 3 
BaTi0 3 -BiFe0 3 
BaTi0 3 -Bi 4 Ti 3 0 12 
BaTi0 3 -CaTi0 3 
BaTi0 3 -€o 2 Nb 2 0 7 
BaTi0 3 -Co 2 Ta 2 0 7 
BaTi0 3 -(K l/2 Bi l/2 )Ti0 3 . 
BaTi0 3 -KNbO s 
BaTi0 3 -LaA10 3 
BaTi0 3 -Mn 2 Nb 2 0 7 
BaTi0 3 -Mn 2 Ta 2 0 7 
BaTi0 3 -NaNbO s 
BaTi0 3 -Ni 2 Nb 2 0 7 
BaTi0 3 -Ni 2 Ta 2 0 7 
BaTi0 3 -PbO:SnO. 
BaTi0 3 -PbTi0 3 
BaTi0 3 -PbZr0 3 
BaTi0 3 -SrTi0 3 
BaTi0 3 -CaTi0 3 -PbTi0 3 
BaTi0 3 -CaTi0 3 -SrTi0 3 



Nr. 

lC-f9 
8B-1 
1C-C8 
lC-bll 
lC-clO 
13B-3 
13B-3 
10B-1 

7B-5 
7B-1 
7B-2 
8B-1 
lC-d2 
lC-a24 
lC~al8 
lC-e9 
5C-j2 
5B-1 
5B-5 
5B-3 
lC^-fl9 
5B-15 
5B-15 
5C-]3 
lC-a25 
lC~a21 
lC-blO 
10fl8 
lC-a20 
lC^fl3 
lC-elO 
5B-15 
5B-15 
lC-d2 
!C-a24 
lC-e9 
lC-a25 
lC-elO 
lC-a26 
lC-a23 
1C-C9 
7B-6 
lC-a7 
IC^ell 
lC~ell 
lC-d3 
1C-c5 
1C-c8 
IC-ell 
IC^ell 
1C-c2 
lC-ell 
IC^ell 
lC-b4 
lC-all 
lC-b3 
10-a9 
lC-f2 
lC-fl 



Page 
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Gross formula 



Chemical formula 



Nr. 


Page 


1C-H2 


88 


10-fl9 


88 


1C-H5 


88 


1C-H8 


88 


lC^fl7 


88 


lC-a26 


77 


5C~j2 


105 


!C-a23 


77 


10al2 


76 


!C~b9 


82 


lC-al5 


76 


lC-fl5 


88 


lC-fl7 


88 


5C-j3 


105 


14B-1 


154 


!C-c9 


84 


IC-bll 


83 


lC-bl2 


83 


lC-a33 


82 


lC-d23 


85 


lC~c\3 


84 


1C-c14 


84 


1C-C16 


84 v 


!C-d22 


85 


IC-clS 


84 


1C-c7 


83 


lC-f6 


87 


7B-7 


114 


10B-5 


128 


lC-d3 


84 


lC-d20 


85 


lC-d5 


84 


lG-dl7 


85 


1OhJ20 


85 


lC-d4 


84 


lC-d21 


85 


lC-dl6 


85 


5B-14 


102 


5B-13 


102 


7B-1 


113 


7B-5 


114 


7B-2 


113 


7B-1 


113 


7B-2 


113 


7B-1 


113 


7B-1 


113 


7B-1 


113 


7B-7 


114 


5B-14 


102 


5B-14 


102 


10-e8 


86 


7B-6 


114 


7B-2 


113 


7B-2 


113 


7B-2 


113 


10B-3 


127 


28B-2 


191 


22B-1 


176 


22B-2 


176 


22B-3 


177 


22B-1 


176 


22B-1 


176 



Ba0 3 Ti 



Ba0 3 U 

BaO s Zr 

Ba0 3 Zr 

Ba0 3 Zr 

BaO s Zr 

Ba0 3 Zr 

BaO a Zr 

Ba0 3 Zr 

BaO s Zr 

BeF 4 H 8 N 2 

BiFeO, 

BiFeO s 

BiFe0 3 

BiFeOj 

BiFe0 5 

BiFe0 3 

BiFe0 3 

BiFe0 3 

BiFeO s 

BiFeO s 

BiFeO s 

BiFe0 3 

Bi 5 Ga0 15 Ti 3 

BUS 

Bi l/2 K l/2 0 3 Ti 

Bi l/2 K l/2 O s Ti 

Bi l/2 K l/2 0 3 Ti 

Bi l/2 K l/2 O s Zr 

Bi l/2 Na l/2 O s Ti 

Bii/ 2 Na l/2 O s Ti 

Bi l/2 Na l/2 O s Ti 

Bi l/2 Na l/2 0 3 Zr 

BiNb0 6 

Bi 2 Nb 6 0 18 

Bi 2 Nb 2 0 9 Pb 

Bi 2 Nb 2 0 9 Pb 



Bi 2 Nb 2 0 9 Sr 

Bi 3 Nb0 12 Srl 

Bi 3 Nb0 9 Ti 



Bi s Nb0 9 Ti 

Bi 4 0 15 PbTi 4 

BiO e Ti 

Bi 2 0 9 Ti 3 

Bi 2 0 9 Ti 3 

Bi 4 0 12 Ti 3 

Bi 4 0 12 Ti 3 

Bi 4 0 12 Ti 3 

Bi 4 0 12 Ti 3 

BrSSb 



C 6 FH 17 N 3 0 9 P 



C 6 FeH 6 K 4 N 6 0 3 
C 6 FeH 6 K 4 N 6 O s 
C 6 FeH 6 K 4 N 6 O s 
C 6 FeH 16 N 10 • 3H 2 0 
C 6 FeH 22 N 10 O 3 



BaTi0 3 -LaIn0 3 -LaYO s -SrTi0 3 

BaTi0 3 -PbTi0 3 -BaNb 2 0 6 -PbNb 2 0 6 

(Ba-Ca)(Ti-Zr)0 3 

(Ba-Pb)(Ti-Sn)0 3 

(Ba-Pb)(Ti-Zr)0 3 

BaU0 3 -BaTiO s 

BaZr0 3 -BaNb 2 0 6 

BaZr0 3 -BaTi0 3 

BaZr0 3 -CaZr0 3 

BaZr0 3 -PbTi0 3 

BaZr0 3 -PbZrO s 

(Ba-Ca)(Zr-Ti)0 3 

(Ba-Pb)(Zr-Ti)0 3 

BaZr 0 . 25 Nb lt5 O 5 . 25 

(NH 4 ) 2 BeF 4 -(NH 4 ) 2 S0 4 

BiFe0 3 -BaTiO s 

BiFeO s -LaA10 3 

BiFe0 3 -LaCr0 3 

BiFe0 3 -LaFeO s 

BiFe0 3 -Pb(Fe l/2 Nb l/2 )0 3 

BiFe0 3 -PbTiO s 

BiFe0 3 -PbZrO s 

BiFe0 3 -SrFeO s 

BiFe0 3 -Sr(Sn l/3 Mn 2/3 )0 3 

BiFe0 3 -SrSnO s 

BiFe0 3 -SrTi0 3 

BiFe0 3 -PbTi0 3 -PbZr0 3 

Bi 5 Ti 3 Ga0 16 -Bi 4 PbTi 4 0 15 

BiSI-SbSI 

(K l/2 Bi l/3 )Ti0 3 -BaTi0 3 

(K l/2 Bi l/2 )Ti0 3 -(N ai/2 Bi l/2 )Ti0 3 

(K l/2 Bi l/2 )Ti0 3 -PbTiO t 

(K^ 2 Bi l/2 )Zr0 3 -PbZrO 3 

(Na l/2 Bi l/2 )Ti0 3 -(K l/2 Bi l/2 )TiO s 

(Na l/2 Bi l/2 )Ti0 3 -PbTi0 3 

(Na l/2 Bi l/2 )Ti0 3 -PbZr0 3 

(Na l/2 Bi l/2 )Zr0 3 -PbZr0 3 

Bi(Nb-Ti)0 6 -PbNb 2 O e 

Bi 2 O s - 3Nb 2 O s -PbNb 2 0 6 

Bi 2 PbNbp 9 -Bi 3 TiNb0 9 

Bi 2 PbNb 2 0 9 -BaBi 2 Nb 2 0 9 

Bi 3 PbTi 2 Nb0 12 -Bi 4 Ti 3 0 12 

Bi 2 SrNb 2 0 9 -Bi 3 TiNb0 9 

Bi 3 SrTi 2 Nb0 12 -Bi 4 Ti 3 0 12 

Bi 3 TiNb0 9 -Bi 2 BaNb 2 0 9 

Bi 3 TiNb0 9 -Bi 2 PbNb 2 0 9 

Bi 3 TiNb0 9 -Bi 2 SrNb 2 0 9 

Bi 4 PbTi 4 0 15 -Bi 5 Ti 3 Ga0 15 

Bi(Ti-Nb)0 6 -PbNb 2 0 6 

Bi 2 O s • 3Ti0 2 -PbNb 2 0 G 

Bi 2 O s • 3Ti0 2 -SrTi0 3 

Bi 4 Ti 3 O a2 -BaTi0 3 

Bi 4 Ti 3 0 12 -Bi 3 BaTi 2 Nb0 12 

Bi 4 Ti 3 0 12 -Bi 3 PbTi 2 Nb0 12 

Bi 4 Ti 3 0 lsr Bi 3 SrTi 2 Nb0 12 

SbSBr-SbSI 

(NH 8 CH 2 COOH) 3 ♦ H 2 PO s F- 
(NH 2 CH 2 COOH) 3 - H 2 S0 4 
K 4 Fe(CN) 6 • 3H 2 0-(NH 4 ) 4 Fe(CN) 6 • 3H 2 0 
K 4 Fe(CN) 6 • 3H 2 0-Rb 4 Fe(CN) 6 • 3H 2 0 
K 4 Fe(CN) 6 • 3H 2 0-Tl 4 Fe(CN) 6 • 3H 2 0 
(NH 4 ) 4 Fe(CN) 6 • 3H 2 0-K 4 Fe(CN) 6 • 3H 2 0 
(NH 4 ) 4 Fe(CN) 6 • 3H 2 0-K 4 Fe(CN) 6 • 3H a O 
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V Index of substances 




Gross formula 


Chemical formula 


Nr. 


Page 


C 6 FeH 6 N 6 0,Rb 4 
C 6 FeH e N 6 0 3 Tl 4 
C„FeK 4 N 6 • 3H a O 
C e FeK 4 N 6 ■ 3H 2 0 
C 6 FeK 4 N 6 • 3H 2 0 
C 6 FeN 6 Rb 4 * 3H a O 
C 6 FeN 6 Tl 4 * 3H 2 0 
C 4 H 4 KNa0 6 • 4H 2 0 
C 4 H 4 KNaO e • 4H 2 0 
C 4 H 12 KNaO 10 
C 4 H 12 KNaO 10 
C 4 H 8 NNaO e • 4H a O 
C 4 H 16 NNaO 10 
C 6 H 17 N 3 O 10 S 

C fl H 17 N 3 O 10 S 

C 6 H i: N s O 10 Se 

C 4 H 4 NaOJ*l • 4H 2 0 

C 4 H 12 NaO 10 Tl 

CaHfO s 

CaNb 2 0 6 

CaNb 2 0 6 

CaNb 2 0 6 

CaNb 2 0 6 

Ca 2 Nb 2 0 7 

Ca0 3 Sn 

Ca0 3 Sn 

Ca0 3 Sn 

CaO a Ta 2 

Ca 2 0 7 Ta 2 

Ca0 3 li 

Ca0 3 Ti 

Ca0 3 Ti 

Ca0 3 Ti 

CaO s Ti 

CaO s Ti 

Ca0 3 Ti 

CaO s Ti 

Ca0 3 Zr 

CaO s Zr 

CaO a Zr 

Ca0 3 Zr 

CaO s Zr 

CdNb 2 0 6 

CdNb 2 O c 

Cd 2 Nb 2 0 7 

Cd 2 Nb 2 0 7 

Cd 2 Nb 2 0 7 

Cd 2 Nb 2 0 7 

Cd 2 0 7 Ta 2 

CdO a Ti 

Cd0 3 Ti 

Ce^Li^OjjTi 

CoLa0 3 

Co a Nb 2 0 7 

Co a 0 7 Ta 2 

CrLa0 3 

CrLa0 3 

CsN0 3 


Rb 4 Fe(CN) 6 • 3H s O-K 4 Fe(CN) 6 • 3H 2 0 
Tl 4 Fe(CN) 6 • 3H 2 0-K 4 Fe(CN) 6 • 3H 2 0 
K 4 Fe(CN) 6 * 3H 2 0-(NH 4 ) 4 Fe(CN) 6 ■ 3H 2 0 
K 4 Fe(CN) 6 • 3H a O-Rb 4 Fe(CN) 6 • 3H 2 0 
K 4 Fe(CN) 6 - 3H 2 0-Tl 4 Fe(CN) 6 • 3H a O 
Rb 4 Fe(CN) 6 * 3H 2 0-K 4 Fe(CN) 6 • 3H 2 0 
Tl 4 Fe(CN) 6 - 3H 2 0-K 4 Fe(CN) 6 • 3H 2 0 
NaKC 4 H 4 O e • 4H 2 0-NaNH 4 C 4 H 4 0 6 * 4H 2 0 
NaKC 4 H 4 0 6 • 4H 2 0-NaTlC 4 H 4 0 6 * 4H a O 
NaKC 4 H 4 O e • 4H 2 0-NaNH 4 C 4 H 4 0 6 - 4H 2 0 
NaKC 4 H 4 O 0 • 4H 2 0-NaTlC 4 H 4 0 6 - 4H 2 0 
NaNH 4 C 4 H 4 O e • 4H 2 0-NaKC 4 H 4 0 6 • 4H 2 0 
NaNH 4 C 4 H 4 0 6 - 4H 2 0-NaKC 4 H 4 0 6 • 4H 2 0 
(NH 2 CH 2 COOH) 3 • H 2 S0 4 -(NH 2 CH 2 COOH) 3 ■ 

• H 2 PO s F 

(NH 2 CH 2 COOH) 3 • H 2 S0 4 -(NH 2 CH 2 COOH) 3 • 

• H 2 Se0 4 

(NH 2 CH 2 COOH) 3 • H 2 Se0 4 -(NH 2 CH 2 COOH) 3 - 

• H 2 S0 4 

NaTlC 4 H 4 O e • 4H 2 0-NaKC 4 H 4 0 6 * 4H 2 Q 

NaTlC 4 H 4 O e ■ 4H 2 0-NaKC 4 H 4 0 6 • 4H 2 0 

CaHf0 3 -PbHf0 3 

CaNb 2 0 6 -BaNb 2 0 6 

CaNb 2 O 6 -NaNb0 3 

CaNb 2 0 6 -PbNb 2 0 6 

(Ca-Ba-Pb) (Nb-Ta) 2 O 0 

Ca 2 Nb 2 0 7 -Cd 2 Nb 2 0 7 

CaSn0 3 -PbTi0 3 

CaSn0 3 -SrSn0 3 

CaSn0 3 -SrSn0 3 -BaSn0 3 

(Ca-Ba-Pb)(Ta-Nb) 2 0 6 

Ca 2 Ta 2 0 7 -Sr 2 Ta 2 0 7 

CaTi0 3 -BaTi0 3 

CaTi0 3 -CaZr0 3 

CaTi0 3 -NaNb0 3 

CaTi0 3 -PbTi0 3 

CaTi0 3 -SrTi0 3 

CaTi0 3 -BaTi0 3 -PbTi0 3 

CaTi0 3 -BaTi0 3 -SrTi0 3 

(Ca-Ba)(Ti-Zr)O s 

CaZr0 3 -BaZr0 3 

CaZr0 3 -CaTi0 3 

CaZr0 3 -PbTi0 3 

CaZr0 3 -PbZr0 3 

(Ca-Ba)(Zr-Ti)0 3 

CdNb 2 0 6 -NaNb0 3 

CdNb 2 0 6 -PbNb 2 0 6 

Cd 2 Nb 2 0 7 -Ca 2 Nb 2 0 7 

Cd 2 Nb 2 0 7 -Cd 2 Ta 2 0 7 

Cd 2 Nb 2 0 7 -Mg 2 Nb 2 0 7 

Cd 2 Nb a 0 7 -Pb 2 Nb 2 0 7 

Cd 2 Ta 2 0 7 -Cd 2 Nb 2 0 7 

CdTiO a -LiNb0 3 

CdTi0 3 -LiTa0 3 

(Li x/2 Ce l/2 )Ti0 3 -PbTi0 3 

LaCo0 3 -PbTi0 3 -LaMn0 3 

Co 2 Nb a O ? -BaTi0 3 

COaTa^Oy-Ba 1 iU 3 

LaCr0 3 -BiFeO s 

LaCr0 3 -PbTi0 3 -LaMn0 3 

CsN0 3 -RbNO s 


22B-2 
22B-3 
22B-1 
22B-2 
22B-3 
22B-2 
22B-3 
33B-1 
33B-2 
33B-1 
33B-2 
33B-1 
33B-1 

28B-2 

28B-1 

28B-1 

33B-2 

33B-2 

!C-al6 

5B-1 

!C-e3 

5B-2 

5B-15 

6B-1 

lC-b6 

10al9 

!C-fl3 

5B-15 

6B-6 

lC-a7 

10a22 

IC-cl 

lC-a8 

lC-a6 

lC-f2 

IC-fl 

lC-fl5 

lC-al2 

lC-a22 

lC-b5 

lC-al3 

lC-fl5 

lC-e4 

5B-10 

6B-1 

6B-3 

6B-4 

6B-2 

6B-3 

lC-e7 

lG-e7 

!C-d8 

IC-fll 

lC-ell 

lC--ell 

lC-bl2 

IC-fll 

12B-4 


176 
177 
176 
176 
177 
176 
177 
198 
198 
198 
198 
198 
198 

191 

191 

191 
198 
198 
76 
99 
86 
99 
102 
106 
82 
76 
. 88 
102 
106 
74 
76 
83 
75 
74 
87 
87 
88 
76 
76 
82 
76 
88 
86 
101 
106 
106 
106 
106 
106 
86 
86 
85 
87 
87 
87 
83 
87 
134 


Eu 2 Mo 3 0 12 
Eu 2 Mo 3 0 12 


(Eu-Gd) 2 (Mo0 4 ) 3 
(Eu-Tb) a (Mo0 4 ) 3 


35-5 
35-6 


201 
201 
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V Substanzenverzeicmis 



Gross formula 



Chemical formula 



Nr. 


Page 


10a33 


82 


1C-C12 


84 


lOfll 


87 


10f5 


87 


lC~d23 


85 


10f8 


87 


IC-dll 


85 


lC-dl5 


85 


1C-c16 


84 


lC-dl 


84 


35-5 


201 


35-8 


202 


35-9 


202 


35-7 


202 


35-10 


202 


35-10 


202 


36-3 


214 


13B-1 


148 


12B-1 


134 


13B-1 


148. 


13B-2 


148 


14B-1 


154 


13B-2 


148 * 


lC-al8 


76 


lC-al6 


76 


10dl8 


85 


lC-a29 


82 


lG-a31 


82 


10al7 


76 


lC-f4 


87 


!C-al7 


76 


12B-3 


134 


10B-2 


127 


10B-1 


127 


10B-5 


128 


10B-2 


127 


10B-3 


127 


10B-4 


128 


10B-4 


128 


!C-fl2 


88 


12B-3 


134 


12B-1 


134 


12B-2 


134 


1C-c5 


83 


10-a4 


74 


lOal 


73 


5B-11 


101 


1C-c6 


83 


5C-b6 


103 


lC-fl4 


88 


5C-k2 


105 


lC-a5 


74 


lC-b2 


82 


lC-a4 


74 


lObl 


82 


lC^aS 


74 


10fl4 


88 


5C-k2 


105 


lC-a5 


74 



FeLa0 3 
FeLa0 3 
FeLa0 3 
FeLa0 3 

Fe l/2 Nb l/2 O s Pb 

Fe l/2 Nb l/2 O s Pb 

Fe l/2 0 3 PbTa l/2 

Fe l/2 0 3 PbTa l/2 

FeOjSr 

Fe l/2 0 3 SrTa l/2 

Gd 2 Mo 3 0 12 

Gd 2 Mo 3 0 12 

Gd 2 Mo 3 0 12 

Gd 2 Mo 3 0 12 

Gd 2 Mo 3 0 12 

Gd 2 0 12 W 3 

GeTe 



H 2 K0 4 P 

H 4 N 2 O s 

H 6 N0 4 P 

H 6 N0 4 P 

H 8 N 2 0 4 S 

H 2 0 4 PTI 

HfO s Pb 

HfCXPb 



Hf0 3 Pb 
Hf0 3 Pb 
HfOjPb 
Hf0 3 Pb 
Hf0 8 Sr 



IK 

IOSb 

ISSb 

ISSb 

ISSb 

ISSb 

ISSb 

ISbSe 

InLa0 3 

KNO s 
KN0 8 
KNO s 
KNb0 3 
KNbOj 
KNb0 3 
KNb0 3 
KNb0 3 
KNbO, 
KNb0 3 
KNb0 3 
KNb0 3 
K0 3 Sb 
:0 8 Ta 
KO s Ta 



K0 3 Ta 
K0 3 Ta 
KTN 



LaFe0 3 -BiFe0 3 

LaFe0 3 -PbTi0 3 

LaFe0 3 -PbTi0 3 -LaMn0 3 

LaFe0 3 -PbTi0 3 -PbZr0 3 

Pb(Fe l/2 Nb l/2 )0 3 -BiFe0 3 

Pb(Fe l/2 Nb l/2 )0 3 -PbTi0 3 -PbZr0 3 

Pb(Fe l/2 Ta l/2 )0 3 -PbTi0 3 

Pb(Fe l/2 Ta l/2 )0 3 -PbZr0 3 

SrFe0 3 -BiFeO s 

Sr(Fe l/2 Ta l/2 )0 3 -SrTi0 3 

(Gd-Eu) 2 (Mo0 4 ) 3 

(Gd-Nd) 2 (Mo0 4 ) 3 

(Gd-Tb) 2 (Mo0 4 ) 3 

(Gd-Y) 2 (Mo0 4 ) 3 

Gd 2 ((Mo-W)0 4 ) 3 

Gd 2 ((W-Mo)0 4 ) 3 

GeTe-SnTe 

KH 2 P0 4 -NH 4 H 2 P0 4 

NH 4 N0 3 -KN0 3 

NH 4 H 2 P0 4 -KH 2 P0 4 

NH 4 H 2 P0 4 -T1H 2 P0 4 

(NH 4 ) 2 S0 4 -(NH 4 ) 2 BeF 4 

T1H 2 P0 4 -NH 4 H 2 P0 4 

PbHfO s -BaHf0 3 

PbHf0 3 -CaHf0 3 

PbHf0 3 -Pb(Sc l/2 Nb l/2 )0 3 

PbHf0 3 -PbTi0 3 

PbHf0 3 -PbZr0 3 

PbHfO s -SrHf0 8 

PbHf0 3 -PbTi0 3 -PbO : SnO, 

SrHf0 3 -PbHfO s 

KI-KN0 3 

SbOI-SbSI 

Sb SI- As SI 

SbSI-BiSI 

SbSI-SbOI 

SbSI-SbSBr 

SbSI-SbSel 

SbSel-SbSI 

LaIn0 3 -BaTi0 3 -LaY0 3 -SrTi0 3 

KN0 3 -KI 

KNO a -NH 4 N0 3 

KN0 3 -RbN0 3 

KNb0 3 -BaTi0 3 

KNb0 3 -KTaO s 

KNbO s -NaNb0 3 

KNb0 3 -PbNb 2 0 6 

KNb0 3 -PbTi0 3 

KNbO s -SrNb 2 0 6 

(K-Na)(Nb-Ta)0 3 

K 0 . 6 Li 0 . 4 (Nb 0 . 3 Ta o . 7 )O 8 . 

K(Nb 0 . 65 T aa . 35 )O 3 (KTN) 

KSbO s -NaNb0 3 

KTa0 8 -KNbO s 

KTaO s -NaNb0 3 

K(Ta 0 . 35 Nb 0 . 65 )O 8 (KTN) 

(K-NaMTa^Nbo.JO, 

K 0 . 6 Li 0 . 4 (Ta,. 7 Nb 0 . 3 )O 3 

K(Ta 0 . S5 Nb 0 . fi5 )O 3 
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Gross formula 
LaFe0 3 

LaMnOg 
LaMn0 3 
LaMnO s 
LaMnO, 
LaMn0 3 
LaMnO s 
La l/2 Na l/2 O s Ti 

LaNiO s 
LaO s Y 
LiNbO a 
LiNb0 3 
LiNb0 3 
LiNb0 3 
LiNbO, 
Li l/2 Nd l/2 0 3 Ti 
Li0 3 Ta 
Li0 3 Ta 
LiO s Ta 

Mg 2 Nb 2 0 7 

Mg l/3 Nb 2/3 0 3 Pb 

Mg l/3 Nb 2/3 0 3 Pb 

Mg l/2 O s PbW l/2 

Mg l/2 0 3 PbW l/2 

Mn l/2 Nb l/2 0 3 Pb 

Mn 2/ 8 0 3 Sn l/3 Sr 

Mn 2 Nb 2 0 7 

Mn 2 0 7 Ta 2 

Mo 3 Nd 2 0 12 

Mo 3 0 12 Tb 2 

Mo 3 0 12 Tb 2 

Mo 3 0 12 Y 2 

N0 3 Rb 

NO s Rb 

NaNbO, 

NaNb0 3 

NaNb0 3 

NaNbO s 

NaNbO, 

NaNbO s 

NaNbO s 

NaNbO s 

NaNb0 3 

NaNb0 3 

NaNb0 3 

NaNbO, 

NaNbOg 

NaNbOg 

NaNbO, 

NaNbOg 

Na0 8 Sb 

NaOgTa 

NaO,Ta 

NaOgV 

N b 2 Ni 2 0 7 

Nb 2 O e Pb 

Nb 2 0 6 Pb 

Nb 2 O e Pb 

Nb a 0 6 Pb 



V Index of substances 

Chemical formula 

LaFe0 3 -PbTi0 3 
( Li i/ 2 Lai/ 2 )Ti0 3 -PbTi0 3 
LaMnO s -PbTi0 3 
LaMnO 3 -LaCo0 3 -PbTi0 3 
LaMn0 3 -LaCr0 3 -PbTi0 3 
LaMn0 3 -LaFe0 3 -PbTi0g 
LaMn0 3 -LaNi0 3 -PbTi0 3 
LaMn0 3 -PbTi0 3 -SrTiO s 
(Na l/2 La l/2 )Ti0 3 -PbTi0 3 
La 2 O s • 3Nb 2 0 5 -PbNb 2 0 6 
LaNi0 3 -LaMn0g-PbTi0 3 

LaY0 3 -BaTiO,-LaIn0 3 -SrTiO. 
LiNb0 3 -CdTiO s s 

LiNb0 3 -LiTa0 3 
LiNbO 3 -NaNb0 3 
LiNb0 3 -PbNb 2 0 6 
Li 0 .4K 0 . 6 (Nb 0 . s Ta 0 . 7 )Og 
(Li l/2 Nd l/2 )TiO s -PbTi0 3 
LiTa0 3 -CdTi0 3 
LiTa0 3 -LiNb0 3 
Lio^Ko.^Tao^Nbo.gJOg 

Mg 2 Nb 2 0 7 -Cd 2 Nb 2 0 7 
PMMg l/3 Nb 2/3 )0 3 -Pb(Mg l/2 W l/2 )O s 

^^i/ 2 w i/ 2 )O s -Pb(Mg l/3 Nb 2/3 )0 3 
Pb(M gl/2 W l/2 )0 3 -PbTi0 3 
Pb(Mn l/2 Nb l/2 )0 3 -PbTi0 3 
Sr(Sn l/3 Mn 2/3 )0 3 -BiFe0 3 
Mn 2 Nb 2 0 7 -BaTi0 3 
Mn 2 Ta20 7 -BaTiOg 
(Nd-Gd) 2 (Mo0 4 ) 3 
(Tb-Eu) 2 (Mo0 4 ) 3 
(Tb-Gd) 2 (Mo0 4 ) 3 
(Y-Gd) 2 (Mo0 4 ) 3 

RbNOg-CsN0 3 
RbN0 3 KNOg 
NaNb0 3 -BaTi0 3 
NaNb0 3 -CaNb 2 0 6 
NaNb0 3 -CaTi0 3 
NaNb0 3 -CdNb 2 0 6 
NaNb0 3 -KNb0 3 
NaNbO s -KSb0 3 
NaNb0 3 -KTa0 3 
NaNb0 3 -LiNb0 3 
NaNb0 3 -NaV0 3 
NaNb0 3 -NaSb0 3 
NaNbOg-NaTaOg 
NaNb0 3 -PbNb 2 O e 

NaNbOg-PbTiOg 
NaNb0g-PbZrO 3 
NaNb0 3 -SrNb 2 0 6 
(Na-K)(Nb-Ta)0 3 
NaSbOg-NaNbOg 
NaTaOg-NaNbOg 
(Na-K)(Ta-Nb)0 3 
NaV0 3 -NaNb0 3 
Ni 2 Nb 2 0 7 -BaTiOg 
PbNb 2 0 6 -BaNb 2 0 6 
PbNb 2 0 6 -Bi 2 0 3 • 3Nb 2 O fi 
PbNb 2 0 6 -Bi 2 0 3 • 3Ti0 2 
PbNb 2 O 6 -CaNb 2 O 0 



Nr. 

1C~c12 

lC-d6 

lG-cll 

lC-fll 

lC-fll 

lC-fll 

lC-fll 

lC-flO 

lC-d7 

5B-12 

lC-fll 

1C-H2 

!C-He7 

3B-1 

lC-el 

5B-11 

5C-k2 

lC-d9 

lC-e7 

3B-1 

5C-k2 

6B-4 

lC-dl9 

10f7 

lC-d!9 

lOdlO 

lC-dl3 

l<>d22 

IC-ell 

lQ-ell 

35-8 

35-6 

35-9 

35-7 

12B-4 

12B-2 

1C-c2 

!C-e3 

lC-cl 

lC-e4 

lC-al 

lC-b2 

lC-bl 

lC-el 

lC-e2 

lC-a3 
lC-a2 
lC-e6, 
5B-11 
10c3 
1C-C4 
10e5 
lC-fl4 
lC-a3 
lC-a2 
lC-fl4 
lC-e2 
lO-ell 
5B-5 
5B-13 
5B-14 
5B-2 



Page 



Furuhata /Makita 



V Substanzenverzeichnis 



Gross formula 



Nb 2 O e Pb 
Nb a O e Pb 
Nb 2 O e Pb 
Nb 2 O e Pb 
Nb 2 O e Pb 

Nb 2 O e Pb 
Nb 2 O e Pb 
Nb 2 O e Pb 
Nb 2 O e Pb 

Nb 2 0 6 Pb 
Nb 2 O e Pb 
Nb 2 0 6 Pb 
Nb 2 O e Pb 
Nb 2 O e Pb 
Nb 2 O e Pb 
Nb 2 0 6 Pb 
Nb 2 O e Pb 
Nb 2 0 7 Pb 2 
Nb l/2 O s PbSc l/2 
Nb l/2 O s PbSc l/2 
Nb l/2 O s PbSc l/2 
NbO,Rb 
Nb 6 0, 8 Sm 2 
Nb 2 O e Sr 
Nb 2 O e Sr 
Nb 2 O c Sr 
Nb 2 O e Sr 
Nb 2 0 6 Sr 
Nb 2 0 7 Sr 2 
Ni 2 0 7 Ta 2 
Nb 2 0 18 Y 2 

0 3 PbSn 
O s PbSn 
O s PbSn 
O s PbSn 
O s PbSn 
0 3 PbSn 
O s PbSn 
0 3 PbSn 
0 6 PbTa 2 
O e PbTa 2 
O e PbTa 2 
O e PbTa 2 
0 6 PbTa 2 
O a PbTi 
O s PbTi 
O s PbTi 
O s PbTi 
0 3 PbTi 
O s PbTi 
O s PbTi 
OjPbTi 
0 8 PbTi 
O s PbTi 
O s PbTi 
0 3 PbTi 
0 5 PbTi 
0 8 PbTi 
0 3 PbTi 
0 3 PbTi 
O a PbTi 



Chemical formula 
PbNb 2 0 6 -CdNb 2 0 6 



Nr. 



PbNb 2 O e -KNb0 3 
PbNb 2 0 6 -La 2 0 3 • 3Nb 2 0 5 
PbNb 2 0 6 -LiNb0 3 
PbNb 2 0 6 -NaNb0 3 

PbNb 2 0 6 -PbO:Sn0 2 
PbNb^e-PbTajOe 
PbNb 2 0 6 -PbTiO, 
PbNb 2 0 6 -PbZr0 3 

PbNb 2 0 6 -RbNb0 3 
PbNb 2 0 6 -Sm 2 0 3 * 3Nb 2 O s 
PbNb 2 0 6 -SrNb 2 0 6 
PbNb 2 0 6 -Y 2 0 3 * 3Nb 2 O s 
PbNb ft 0 6 -Bi(Nb-Ti)0 6 

(Pb-Ba-Ca) (Nb-Ta) 2 0 8 
(Pb-Ba-Sr)(Nb-Ta),0 6 
Pb 2 Nb 2 0 7 -Cd 2 Nb 2 0 7 
Pb(Sc l/2 Nb l/2 )O a -PbHf0 3 
Pb(Sc l/2 Nb l/2 )0 3 -PbTi0 3 
Pb(Sc l/2 Nb l/2 )0 3 -PbZr0 3 
RbNb0 3 -PbNb 2 0 6 
Sm 2 0 3 • 3Nb 2 O s -PbNb 2 O e 
SrNb a 0 6 -BaNb 2 0 6 
SrNb 2 0 6 -KNb0 3 
SrNb 2 O 0 -NaNbO 3 
SrNb 2 0 6 -PbNb 2 0 6 
(Sr-Ba-Pb)(Nl>-Ta) 2 0 6 
Sr 2 Nb 2 0 7 -Sr 2 Ta 2 0 7 
Ni a Ta 2 0 7 -BaTi0 3 
Y 2 O a * 3Nb 2 0 6 -PbNb 2 O ft 

PbO:Sn0 2 -BaSn0 3 
PbO:Sn0 2 -BaTi0 3 
PbO:Sn0 2 -PbNb 2 0 8 
PbO:Sn0 2 -PbTi0 3 
PbO:Sn0 2 -PbZr0 8 
PbO:Sn0 2 -PbHf0 3 -PbTi0 8 
PbO : Sn0 2 -PbTi0 3 -PbZr0 3 
(Pb-Ba)(Sn-Ti)0 8 
PbTa 2 O e -PbNb 2 0 6 
PbTa 2 0 6 -PbZr0 3 
PbTa 2 0 6 -SrTa 2 0 6 
(Pb-Ba-Ca)(Ta-Nb) s O e 
(Pb-Ba-Sr)(Ta-Nb) 2 0 6 
PbTiO s -BaSn0 3 
PbTi0 3 -BaTi0 8 
PbTiO s -BaZr0 8 
PbTiO a -BiFe0 8 
PbTi0 8 -CaSnO s 
PbTiO s -CaTi0 3 
PbTiO s -CaZr0 8 
PbTiCVCK^Bi^TiO, 

PbTi0 8 -KNbO s 
PbTi0 3 -LaAlO s 
PbTi0 3 -LaFe0 3 
PbTiO s -LaMn0 3 
PbTiOj-tLi^Cex/JTiO,, 
PbTi0 8 -(Li l/2 Lai/ 2 )TiO s 
PbTi0 3 -(Li l/2 Nd l/8 )Ti0 8 
PbTi0 8 -(Na l/2 Bi l/8 )Ti0 3 
PbTi0 3 -(Na l/2 La 1 / 8 )Ti0 8 

Furuhata/Makita 



lC-a21 

lC-b4 

5B-9 

lC-a30 

10a32 

10f4 

lC-f3 

lC-fl8 

5B-6 

10el3 

5B-16 

5B-15 

5B-15 

lC-blO 

lG-all 

lG-b9 

10cl3 

lC-b6 

lC-a8 

lC-b5 

lG-d5 

10c6 

lC-clO 

1G-C12 

lG-cll 

10d8 

10d6 

lC-d9 

10d4 

!Od7 



V Index of substances 



Page 

101 
101 
101 
101 
86 
101 
101 
101 
101 
101 
87 
101 
101 
100 
101 
102 
88 
102 
102 
106 
85 
85 
85 
101 
101 
99 
103 
86 
100 
102 
106 
87 
101 

76 
82 
101 
82 
82 
87 
87 
88 
101 
87 
102 
102 
102 
83 
75 
82 
84 
82 
75 
82 
84 
83 
84 
84 
84 
85 
84 
85 
84 
85 



Gross formula 



O a PbTi 
0 3 PbT; 
0 3 PbT] 
0 3 PbT; 
0 3 PbT] 
0 3 PbTi 
0 3 PbT] 
0 3 PbT; 
0 3 PbTi 
0 3 PbTj 
0 3 PbT; 
0 3 PbT] 
0 3 PbT: 
0 3 PbTj 
CXPbT] 



0 3 PbT] 
0 3 PbT 
0 3 PbT; 
0 3 PbTi 
0 3 PbT] 
O s PbT; 
O a PbT] 
O s PbT] 
0 3 PbT 
0 3 PbT] 
0 3 PbTi 
O s PbT 
0 3 PbT; 
O a PbT] 
O s PbZr 
O s PbZr 
0 3 PbZr 
O a PbZr 
0,PbZr 



0 3 PbZr 
0 3 PbZr 
0 3 PbZr 
0 3 PbZr 

0 3 PbZr 

O s PbZr 

0 3 PbZr 

O s PbZr 

O s PbZr 

0 3 PbZr 

0 3 PbZr 

0 3 PbZr 

0 3 PbZr 

0 3 PbZr 

O s PbZr 

0 3 PbZr 

0,PbZr 

O a PbZr 

0 3 SnSr 

0 3 SnSr 

O s SnSr 

O s SnSr 

0 3 SnSr 

0 6 SrTa, 

0 6 SrTa" 2 

O r Sr 2 Ta 2 



Chemical formula 



Nr. 



Page 



PbTi0 3 -NaNb0 3 

PbTi0 3 -Pb(Fe l/2 Ta l/2 )0 3 

PbTi0 3 -PbHf0 3 

PbTi0 3 -Pb(M gl/2 W l/2 )0 3 

PbTi0 3 -Pb(Mn l/2 Nb l/2 )0 3 

PbTi0 3 -PbNb 2 0 6 

PbTi0 3 -PbO:Sn0 2 

PbTiO,-Pb(Sc 1/a Nb l/l )0, 

PbTi0 3 -PbZr0 3 

PbTi0 3 -SrSnO s 

PbTi0 3 -SrTi0 3 

PbTi0 3 -SrZr0 3 

PbTi0 3 -AB0 3 -PbZr0 3 

PbTi0 3 -BaTi0 3 -€aTi0 3 

PbTi0 3 -BiFe0 3 -PbZrO 3 

PbTi0 3 -LaCoO s -LaMn0 3 

PbTi0 3 -LaCr0 3 -LaMn0 3 

PbTi0 3 -LaFe0 3 -LaMn0 5 

PbTi0 3 -LaFeO,-PbZrO s 

PbTi0 3 -LaMn0 3 -LaNi0 3 

PbTi0 3 -LaMn0 3 -SrTi0 3 

PbTi0 3 -Pb(Fe l/2 Nb l/2 )0 3 -PbZr0 3 

PbTi0 3 -PbHf O s -PbO : SnO a 

PbTi0 3 -Pb(Mg l/s Nb 2/3 )0 3 -PbZr0 3 

PbTiO s -PbO: Sn0 2 -PbZr0 3 

PbTiO s -BaTi0 3 -BaNb 2 0 6 -PbNb 2 0 6 

(Pb-Ba)(Ti-Sn)0 3 

(Pb-Ba)(Ti-Zr)O s 

Pb(Ti-Zr)0 3 

(Pb-Sr)(Ti-Zr)O s 

PbZrO s -BaTi0 3 

PbZrO s -BaZr0 3 

PbZr0 3 -BiFe0 3 

PbZrO s -CaZr0 3 

PbZr0 3 -(K l/2 Bi l/2 )Zr0 3 

PbZr0 3 -(Na l/2 Bi l/2 )Ti0 3 

PbZr0 3 -(Na j/2 Bi l/2 )Zr0 3 

PbZr0 3 -NaNb0 3 

PbZr0 3 -Pb(Fe l/2 Ta l/2 )0 3 

PbZr0 3 -PbHf0 3 

PbZr0 3 -PbNb 2 0 6 

PbZr0 3 -PbO:Sn0 2 

PbZrO s -Pb(Sc l/2 Nb l/2 )0 3 

PbZr0 3 -PbTa 2 0 6 

PbZr0 3 -PbTi0 3 

PbZr0 3 -SrZrO s 

Pb(Zr-Ti)0 3 (PZT) 

PbZr0 3 -AB0 3 -PbTi0 3 

PbZr0 3 -BiFe0 3 -PbTi0 3 

PbZr0 3 -LaFe0 3 -PbTi0 3 

PbZr0 3 -Pb(Fe l/2 Nb l/2 )0 3 -PbTi0 8 

PbZr0 3 -Pb(Mg l/3 Nb 2/3 )0 3 -PbTiO. 

PbZr0 3 -PbO : Sn0 2 -PbTi0 3 

(Pb-Ba)(Zr-Ti)O s 

(Pb-Sr)(Zr-Ti)O a 

SrSn0 3 -BaSnO s 

SrSn0 3 -BiFe0 3 

SrSn0 3 -CaSnO s 

SrSn0 3 -PbTi0 3 

SrSn0 3 -BaSn0 3 -CaSn0 3 

SrTa 2 0 6 -PbTa,0 6 

<Sr-Ba-Pb)(Ta~Nb) 2 0 6 

Sr 2 Ta 2 0 7 -Ca 2 Ta 2 O v 



!C-c3 

lC-dll 

lC-a29 

lC~dl0 

lC-dl3 

5B-7 

lC-a30 

lC-dl2 

lC-a27 

!C-b8 

lC-alO 

lC-b7 

lC-f9 

lC-f2 

lC-f6 

lC^fll 

lC-fll 

lC-fll 

lC-f5 

lC^fll 

lC-flO 

lC-f8 

!C-f4 

lC-f7 

lC-f3 

lC-fl9 

lC-fl8 

lC-fl7 

l(^-a28 

10-fl6 

1C-D3 

lC-al5 

10-cl4 

lC-al3 

1C^117 

1C-k121 

lC-dl6 

1C-C4 

lC-dl5 

lC-a31 

5B-8, 

lC-a32 

lC-dl4 

lC-el3 

lC-a27 

!C-al4 

lC-a28 

lC-f9 

lC-f6 

lC-f5 

lC-f8 

lC-f7 

\C-f3 

1C-W 

lC-fl6 

lC-a20 

1C-C15 

lC-al9 

lG-b8 

lC-fl3 

5B-16 

5B-15 

6B-6 



Furuhata/Makita 



583 



Gross formula 

0 7 Sr 2 Ta 2 
0 8 SrTi 
0 3 SrTi 
0 3 SrTi 
0 3 SrTi 
0 3 SrTi 
0 3 SrTi 
O s SrTi 
0 3 SrTi 
0 3 SrTi 
0 3 SrTi 
O s SrZr 
O a SrZr 
0 3 SrZr 

PZT 

SnTe 



V Substanzenverzeichnis 
Chemical formula 

Sr 2 Ta 2 0 7 -Sr 2 Nb 2 0 7 
SrTi0 3 -BaTi0 3 
SrTi0 3 -BiFe0 3 
SrTiOj-B^O, • 3Ti0 2 
SrTiO s -CaTiO s 
SrTi0 3 -PbTi0 3 
SrTi0 3 -Sr(Fe l/2 Ta l/2 )O s 
SrTi0 3 -BaTi0 3 -^Ti0 3 
SrTi0 3 -LaMn0 3 -PbTi0 3 

SrTi0 3 -BaTi0 3 -LaIn0 3 -LaYO s 
(Sr-Pb)(Ti-Zr)O s * 
SrZr0 3 -PbTi0 3 
SrZr0 3 -PbZrO, 
(Sr-Pb)(Zr-Ti)0 3 

Pb(Zr-Ti)0 3 

SnTe-GeTe 



Nr. 


Page 


6B-5 


106 


lC-a9 


75 


1C-c7 


83 


lC-e8 


86 


lC-a6 


74 


lG-alO 


75 


lC-ndl 


84 


lC-fl 


o / 


lC-flO 


87 


HZ 


88 


ic~m 


88 


tC-bl 


82 


lC-a!4 


76 


1C-H6 


88 


lC-a28 


78 


36-3 


214 
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Furuhata/Makita 
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